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1 INTRODUCTION

This report presents the results of the Fractured Bedrock and Alluvium Groundwater
Remediation Feasibility Study (FS Report) for impacted groundwater within fractured bedrock
and alluvium, and was prepared by Komex-H2O Science, Inc. (Komex) on behalf of the
Missouri Electric Works (MEW) Site Trust Fund Donors (STD), for the MEW Site (Site) in Cape
Girardeau, Missouri. For the purposes of this report, the "Site” is defined by the area of soils
that were previously impacted by polychlorinated biphenyls (PCBs) above Site-specific cleanup
levels, as documented in the Record of Decision (ROD) (USEPA, 1990) (Appendix A}.

The first Draft of this report was submitted to the United States Environmental Protection
Agency (USEPA) on July 30, 2004. The first Draft was submitted in conjunction with the Draft
Groundwater Remedial Investigation (Komex, 2004a), the Draft Groundwater Modeling Report
(Komex, 2003a), Revised Groundwater Flow and Transport Supplemental Modeling Letter
Report (Komex, 2004b), and Final Baseline Human Health Risk Assessment Report (Komex,
2004c). The July 30, 2004 Draft FS considered both the fractured bedrock and the alluvium.

In response to USEPA comments on the aforementioned reports in November 2004, revised
versions of the submittals were jointly transmitted which documented the results of
investigations at the Site which were evaluated and discussed, and supported a risk
management decision for the selection of an appropriate remedy for the Site. The revised FS
Report was submitted on January 24, 2005, and only considered the fractured bedrock. The
January 24, 2005, FS Report was to be read in conjunction with the Groundwater Remedial
Investigation Report (Komex, 2005a), the Groundwater Flow and Transport Supplemental
Modeling Letter Report (Komex, 2005b), and the Final Baseline Human Health Risk Assessment
Report (BHHRA) (Komex, 2005c).

Comments were provided for the above referenced documents during meetings with the
USEPA on April 8, April 27 and April 28, 2005 and each of the documents have been revised to
incorporate the agency comments. These revised documents present the results, evaluation,
discussion and conclusions of investigations at the Site and support a risk management decision
for selection of an appropriate remedy for the Site. The significant revision to the FS Report was
to re-include those portions of the text related to the alluvium, originally included in the July 30,
2004, FS Report, but removed from the January 24, 2005, version of the FS report. This F5
Report, which includes both the fractured bedrock and alluvium, is to be read in conjunction
with the Groundwater Remedial Investigation Report (RI Report) (Komex, 2005d), the
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Groundwater Flow and Transport Supplemental Modeling Letter Report (Komex, 2005e), and
the Final Baseline Human Health Risk Assessment Report (BHHRA) (Komex, 2005f).

This FS Report follows the guidelines for preparing a feasibility study report provided in the
Guidance for Conducting Remedial Investigations, and Feasibility Studies Under
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA
[USEPA/540/G-89/004])) dated October 1988 (USEPA, 1988a). This FS Report was prepared and
completed in accordance with the Consent Decree (CD), which went into effect on March 9,
1998.

1.1 PURPOSE AND ORGANIZATION OF THE FS REPORT

The purpose of the FS Report is to present a range of groundwater remedial alternatives for the
fractured bedrock and alluvium to address the risks to human health as identified in the
BHHRA report (2005f). The FS Report will provide technical documentation to support the
USEPA selection of a remedy to be included in the revised ROD.

The FS Report has two principal objectives:

1. Develop a range of remedial alternatives that addresses identified human health risks
resulting from impacted Site groundwater in fractured bedrock and alluvium; and

2. Demonstrate satisfaction of the CERCLA remedy selection requirements. To meet this
objective a detailed analysis of the remedial alternatives against a set of nine evaluation
criteria is required to allow for the selection of an appropriate remedy for Site groundwater

in fractured bedrock and alluvium.

This FS Report is organized into the following sections:

¢ Section 1.0 - Introduction. Describes the purpose of the FS and provides background
information such as Site description, history, previous environmental activities completed,
as well as provides a summary of the Site hydrogeology, nature/extent of contamination,
and mechanisms for dissolved phase constituents of potential concern (COPCs) migration.
In addition, this section also presents a summary of the BHHRA conclusions.

¢ Section 2.0 - Identification/Development of Applicable or Relevant and Appropriate
Requirements (ARARs) and To-Be-Considered (TBC) Guidelines, Remedial Action
Objectives (RAOs), General Response Actions (GRAs). Presents the factors considered in
assessing the need for remediation and identifying possible GRAs, as well as the Site RAOs,
based upon the identified constituents of concern (COCs) and target cleanup levels (TCLs).
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In addition, volumes of impacted groundwater in the modeled sources areas on the
Property are estimated in this Section.

e Section 3.0 - Screening and Evaluation of Technologies and Process Options. Presents
both a preliminary identification and screening of remedial technologies and process
options for fractured bedrock and alluvial groundwater, and a more detailed evaluation of

selected remedial process options for fractured bedrock and alluvial groundwater.

¢ Section 4.0 - Development of Remedial Action Alternatives. Provides the rationale for the

development of the remedial alternatives, and describes the alternatives developed.

s Section 5.0 - Detailed Analysis of Alternatives. Presents an analysis of remedial
alternatives in accordance with the set of nine evaluation criteria described in the National
Qil and Hazardous Substances Contingency Plan (NCFP). This section also presents a
comparative analysis between the various alternatives.

1.2 BACKGROUND INFORMATION

The Site-specific soil cleanup levels, as documented in the ROD (USEPA, 1990) that define, for
the purposes of this report, the area of the Site, were 10 parts per million (ppm) PCBs for soils to
a depth of 4 feet below ground surface (bgs), and 100 ppm at depths greater than 4 feet bgs.

For the purposes of this report, the physical extent of the property where MEW conducted
operations will be referred to as “the Property”. The Site includes an area on and off the
Property and has a total surface area of approximately 6.8 acres. In addition to the terms “the
Site” and “the Property”, reference may be made to the “Study Area”, which is defined to
include all of the Property, all of the Site and areas outside of the Site, where remedial

investigative actions have been performed.

A description of the Property and Property history is summarized below. A detailed
description is provided in the Draft Groundwater Design Investigation Work Plan (Komex,
2002a).

1.2.1 PROPERTY DESCRIPTION

The Property is located at 824 South Kingshighway in a commercial area of Cape Girardeau,
Missouri. The Site location map is provided as Figure 1.1. The Property occupies a 6.4-acre
tract of land, which is bound to the north and east by retail and office properties, to the south by
retail properties and to the west by South Kingshighway.
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South Kingshighway provides access to the Property via an asphalt-paved drive that lies in
front of a single concrete building and extends partway around the south side of the Property.
The building occupies the northwest corner of the Property and is currently used by the owner
to store equipment. The remainder of the Property consists of gravel-paved roads, grass

covered areas, and wooded ravine and fence line areas.

1.2.2 SITE HISTORY

MEW operated at this Property between 1953 and 1992. During this operational period MEW
sold, serviced, and rebuilt transformers, electrical motors, and electrical equipment controls.
Operations included recycling of materials from old equipment and the recovery of copper wire
and dielectric fluid from transformers. In total, approximately 16,000 transformers were
repaired or scrapped at the Property during the period of operation. Approximately 90
percent (%) of the transformers dielectric fluid was recovered and filtered through Fuller's
Earth prior to reuse. Some dielectric fluid is unaccounted for and it is estimated that the total

volume of unaccounted dielectric fluid is on the order of 28,000 gallons.

1.2,2.1 Regulatory History

The regulatory compliance and litigation history of the Site is summarized below. A detailed
discussion of the Site regulatory history is presented in the ROD (USEPA, 1990).

¢ October 1984 - The Missouri Department of Natural Resources (MDNR) inspected the MEW
facility and discovered leaking drums containing dielectric fluid. Elevaied concentrations of
PCBs were detected in oil-stained soil samples collected during the inspection.

¢ November 1984 - The USEPA, pursuant to the Toxic Substances and Control Act (TSCA),
inspected the MEW facility and found that MEW handling and storage procedures for oils
containing or contaminated with PCBs did not conform to regulations. Soil sample results
indicated elevated concentrations of PCBs.

e August 2, 1988 - The USEPA issued an Administrative Order requiring MEW to perform
several response actions, specifically to notify the public of the contamination; minimize the
exposure of the public to PCB-impacted dust, soil or sediment; and minimize the amount of
PCB-impacted soil migrating from the Site in surface water runoff. The USEPA erected
barriers across the drainage ditches to reduce the migration of PCB-impacted soil offsite.

* December 30, 1988 - Administrative Order on Consent between MEW Steering Committee
and the USEPA (Docket No. 7-89F-002).

* February 21, 1990 - The Site was listed on the National Priorities List (NPL).
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September 28, 1990 - The USEPA issued the ROD, which set forth the selected soil and
groundwater remedies for the Site, including onsite incineration for the cleanup of
PCB-impacted soil, a pump and treat system to treat impacted groundwater, and additional
investigations to identify data that would be necessary for the design of the groundwater
remediation system,

December 30, 1991 - A Consent Decree (CD), signed by the USEPA, the MDNR, 175 Settling
Defendants, and three federal agencies, was filed with the Federal Court for the Eastern
District of Missouri, Southeastern Division.

August 29, 1994 - The Federal Court for the Eastern District of Missouri, Southeastern
Division approved the CD.

October 1994 - CD entry was appealed by a group of non-settling former MEW customers.

February 1, 1995 — The USEPA issued an Explanation of Significant Differences (ESD) to the
ROD, which documented primary changes to the ROD, including changing onsite
incineration to onsite thermal desorption and defining onsite thermal treatment to be either
incineration or thermal desorption.

August 1995 - The 8* Circuit Court of Appeals reversed the entry of the CD and remanded
the CD to the Federal District Court for further deliberation.

August 14, 1996 - The CD was approved a second time by the Federal District Court. The
same group of former customers again appealed the CD entry.

December 1997 - The Eight Circuit Court of Appeals confirmed the entry of the CD.
March 9, 1998 — The CD entered into effect,

1.2,2.2 Previous Site Invesfigations and Remedial Actfivities

Numerous site investigations and limited remedial activities have been conducted at the Site

since 1987; these are summarized below. Additional information/data relating to these activities
is provided in the RI Report (Komex, 2005d).

1985 Investigation. March 31, 1986 CH2MHill

1987 - Ecology and Environment; In response to the USEPA-directed field investigation
program, six groundwater monitoring wells were installed at the Property (monitoring
wells MW-1 to MW-6) (Figure 1.2). Monitoring wells MW-1, MW-2, MW-5, and MW-6 were
installed in the surficial loess deposits at depths not exceeding 41 feet bgs. Monitoring wells
MW-3 and MW-4 were installed in the Plattin Limestone at depths not exceeding
60 feet bgs. Wells MW-1 and MW-2 have since been abandoned; the abandonment dates

were not documented.
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1988 - USEPA; Erected barriers across the drainage ditches to reduce the migration of PCB-
impacted soil offsite.

1990 - Earth Tech; Installed five monitoring wells (MW-6A, MW-7, MW-8, MW-9, and MW-
10) (Figure 1.2). These wells were all completed in the Plattin Limestone at depths not
exceeding 63 feet bgs, the first significant groundwater-bearing zone encountered at the Site.
1991 - Earth Tech; Installed two additional groundwater monitoring wells in the Plattin
Limestone (MW-11 and MW-11A) (Figure 1.2). Well MW-11 was installed to a depth of 120
feet bgs, and well MW-11A was installed to a depth of 405 feet bgs.

Between July 1999 and July 2002 - Williams Environmental Services, Inc; In accordance
with the ROD (USEPA, 1990) completed a remedial action, which included the excavation
and remedial treatment of PCB-impacted soils from surface to a maximum depth of 27 feet
bgs at the Site. Impacted soils were treated by thermal desorption to a cleanup level of 10
ppm for surface and subsurface soil.

June 2000 - Komex; Conducted a geologic and hydrogeologic investigation at and within
the vicinity of the Site (Komex, 2001a). The following tasks were conducted as part of this
investigation:

o Site reconnaissance and field mapping;

o Fractured rock lineament study;

o Groundwater and sediment sampling from groundwater monitoring wells;

o Laboratory analyses of groundwater and sediment samples;

o Installation of three groundwater data loggers in groundwater monitoring wells MW-3
(screened from 21 to 31 feet bgs), MW-11 (screened from 115 to 120 feet bgs), and
MW-11A (open below 319 feet bgs);

o Quarterly collection of data logger data which recorded groundwater levels and
precipitation measurements;

o Initial bedrock fracture modeling; and

o Initial groundwater conceptual model development.

September 30, 2000; Well MW-8 was abandoned due to a damaged wellhead.

April 2001; Quarterly groundwater monitoring undertaken by EarthTech ceased in 1991

{EarthTech, 1991). Komex re-initiated an ongoing quarterly groundwater-monitoring

program in late 2000 and quarterly monitoring reports were prepared throughout 2001

(Komex, 2001b; Komex, 2001¢; Komex, 2002b). In 2002, the first two quarters of

groundwater monitoring data were incorporated into the Draft Groundwater Design
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Investigation Work Plan (Komex, 2002a) with subsequent monitoring results distributed as
data packages (Komex, 2003b; Komex, 2003¢c; Komex, 2003d; Komex, 2003e).

¢ Between November 2002 and October 2003; Komex, in accordance with the Draft
Groundwater Design Investigation Work Plan (Komex, 2002a), conducted a two-phase
groundwater design investigation. Results of this investigation are presented in the RI
Report (Komex, 2005d). The following tasks were conducted as part of this two phase
investigation:
o Assessment of Site hydrological characteristics through analysis of the well hydrographs

in combination with precipitation data;
o Geoprobe investigation to assess and refine the geophysical interpretation;

o Geophysical electrical resistivity tomography (ERT), seismic reflection and refraction
assessment on and to the southeastern extent of the Site, in the vicinity of the well
clusters (MW-3/5/11/11A), to enhance the understanding of the fracture networks and
flow regime and to identify target locations for the installation of future groundwater

monitoring wells;

o Installation and subsequent groundwater and sediment sampling of three groundwater-
monitoring wells (MW-12, MW-13 and MW-14) (Figure 1.2), located in the southeast
corner of the Site. The locations of the wells were based on the findings of the geoprobe
investigation and geophysical assessment. The monitoring wells were completed within
the fractured limestone at depths of between 57 and 95 feet bgs and have been

monitored over nine events to date;

o Additional geophysical surveys (electrical resistivity and seismic velocity) to the
southeast of the Site, which includes the wetland area, were undertaken to: 1) identify
fracture networks potentially connected to the Site; 2) define basement topography, and
3) identify target locations for the installation of groundwater monitoring wells to
provide constraints for groundwater modeling and target probable impacted locations;

o Advancement of eleven boreholes to assist in guiding groundwater monitoring well
installation. Boreholes BH-15B1 through BH-15B5 were advanced to assist in locating
wells MW-15A and MW-15B; boreholes BH-16A1 and BH-16B1 were advanced to assist
in locating the MW-16 well cluster; and, boreholes BH-17B1 through BH-17B4 were
advanced to assist in locating wells MW-17A and MW-17B.

o Installation and groundwater sampling of eight additional groundwater-monitoring
wells (MW-15A, MW-15B, MW-16A, MW-16B, MW-16C, MW-17A, MW-17B and MW-
18) (Figure 1.2) located south of the Site and within the wetland area. Wells MW-16A,
MW-16B, MW-16C, MW-17A, and MW-18 were completed within alluvial deposits, and
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wells MW-15A, MW-15B and MW-17B were completed within the fractured limestone.
These wells were sampled in September and October, 2003;

o Installation of a groundwater piezometer, MEW-E], in the drainage way southeast of the
Property;
o Installation of groundwater data loggers in groundwater monitoring wells MW-16A and

MW-16C to determine vertical groundwater flow in the wetland area; and
o Update of the conceptual model.

e 2004 - Komex conducted an additional investigation, which involved the installation of five
groundwater monitoring wells (wells MW-20A, MW-20B, MW-20C, MW-21A and MW-21B)
in the alluvial sediments in the wetland area, to the southeast of the Site (Figure 1.2). The
investigation was designed to study the movement of COPCs within the alluvium.
Groundwater monitoring was also conducted in February, May, August and November of
2004.

1.3 SITE PHYSICAL CHARACTERISTICS

The following is a summary of Site physical characteristics as described in the RI Report
(Komex, 2005d).

1.3.1 SURFACE FEATURES

The Property is situated on top of a flattened ridge that runs approximately southwest to
northeast (Figure 1.3). This ridge separates the valley of the Cape LaCroix Creek to the north
and a low-lying wetland area to the south. A small creek (Wetland Creek) flows eastwards
across the wetland area and joins the Cape LaCroix Creek approximately 0.7 miles (1.13
kilometers [km]) east of the Property. The Cape LaCroix Creek joins the Mississippi River 1.5
miles to the southeast of the Property.

Ground surface elevation at the Property is approximately 405 feet above sea level (ASL). To
the south of the Property, the ground slopes downwards to Wilson Road, which forms the
northwestern boundary of the wetland area (Figure 1.3). The elevation of the wetland area
varies from 360 feet ASL at Wilson Road, to 351 feet ASL at the Cape LaCroix Creek. To the
north of the Property, the ground slopes downwards to the relatively flat valley bottom of the
Cape LaCroix Creek. Runoff channels, located near the northern, southern, and eastern

boundaries of the Property, drain towards the wetland area to the southeast of the Property.
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1.3.2 METEOROLOGY

Cape Girardeau’s climate is continental, due to its central location within the United States of
America. Temperature in this region is subject to frequent fluctuation. Between 1971 and 2000,
recorded temperatures varied between 24°F and 90°F seasonally, and averaged at 57.2°F daily.
For the same period, annual precipitation has averaged at 46.5 inches and monthly precipitation
has averaged between 3.2 inches and 5.1 inches. The wettest months are typically March
through May, November, and December. Snowfall occurs between October and April,
averaging 12.8 inches annually.

1.3.3 SURFACE WATER HYDROLOGY

The Property is a topographical high ridge in the area. Subsequently, during precipitation
events that exceed the infiltration capacity of the soil, runoff occurs from the Site. A runoff
channel is located near the eastern boundary of the property, which drains southeast via a gully
located on the Property, toward Wilson Road. Several drainage ditches then conveys storm
water from Wilson Road to the Wetland Creek and retention pond, approximately 540 feet to
the south. Figure 1.4 illustrates the off-Property surface runoff pathways, as they were
observed during a storm event in June 2003.

The Wetland Creek, which flows south of the Property, originates at a retention pond located
approximately 0.3 miles west of the Property, at an elevation of 393 feet ASL (Figure 1.3). The
Wetland Creek flows southeast for approximately 0.36 miles, crosses under South
Kingshighway and then follows an engineered course across the flat valley bottom to the
southeast of the Property, at an elevation of approximately 350 feet ASL, before discharging into
the Cape LaCroix Creek (Figure 1.3),

A retention pond has been constructed adjacent to the Wetland Creek, southeast of the
Property. Observed water levels in the retention pond are very similar to those measured in the

Wetland Creek, suggesting a significant hydraulic connection between the two water bodies.

The Cape LaCroix Creek flows eastward through a valley that lies north of the Property, then
turns south, passing the eastern end of the Property ridge before flowing southeast to the
Mississippi River.
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1.3.4 GEOLOGY
1.3.4.1 Regional Geology

The Site is situated within the southeastern part of Missouri, which contains exposures of
geologic formations ranging in age from Paleozoic to present time. Older Paleozoic exposures
are mostly confined to the Ozark Plateau region, which is located in the southwestern part of

Missouri.

Southeastern Missouri consists of mostly unfolded shallow dipping beds except in regions
where faulting has occurred. Faulting within the State was most prevalent in the pre-
Pennsylvanian period. The geological faults common to Missouri average a displacement
distance of 100 feet. At least six episodes of major deformation and uplift have been recognized

which include the following geologic periods:
¢ Precambrian;

e Early Ordovician;

» Post-Early Devonian/Pre-Mississippian;

» Post Mississippian/Pre-Pennsylvanian;

e Post Pennsylvanian; and

¢ Tertiary.
1.3.4.2 Local Geology

In the Cape Girardeau area, the uppermost formation is commonly a surficial, undifferentiated
Pleistocene age loess deposit that consists predominantly of loosely consolidated silts and silty
clays. Where the loess is encountered, it may vary in thickness up to 30 feet. The loess was
deposited during an eolian erosional and depositional period during the Pleistocene age and
lies on top of the Ordovician age limestone bedrock units of Cape Girardeau.

The Ordovician age limestone bedrock units of Cape Girardeau dip toward the northeast at a
maximum of 2 degrees. The bedrock units contain numerous faults that are not classified as
being seismically active; the Cape Girardeau area, however, is approximately 25 miles to 30
miles from the epicenter line of the New Madrid area earthquakes. The Cape Girardeau fault is
located approximately 1-mile east-northeast of the Site. The Cape Girardeau fault strikes north

100 west, the eastern side downthrown with a displacement of 40 feet.

Near the Property, the loess deposits are underlain by the Plattin Formation. The Plattin
Formation is a slightly dolomitic and fossiliferous limestone, with a thickness in excess of 400
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feet. At the base of the Plattin Formation, a conglomeratic and oolitic limestone is often
encountered. The Rock Levee Formation, which underlies the Plattin Formation, may vary in
thickness between 250 feet and 300 feet. The Rock Levee Formation consists predominantly of

alternating, dense layers of limestone and dolomite.

The Joachim Formation underlies the Rock Levee Formation and is approximately 170 feet
thick. The Joachim Formation outcrops approximately 1.2 miles to the southwest of the

Property.
1.3.4.3 Near Site Geology

Geology at the Site and surrounding areas consists primarily of loess, “terrace” and “alluvial”
deposits underlain by Plattin Formation Limestone (bedrock). A detailed discussion of the
geologic conditions present at the Site and surrounding areas is presented in the RI Report
(Komex, 2005d). The general characteristics of the surficial soils and bedrock are discussed in

the following sections.

1.3.4.3.1 Surficial Geology

The native, surficial soils consist of 15-25 foot thick Pleistocene loess underlain by brownish-red
gravelly clay, which is derived from the weathering degradation of the underlying Plattin
Formation Limestone (limestone residuum soil), at the Site, to “terrace” and “alluvial” deposits
in the wetland area. The United States Geological Survey (USGS) map of surficial geology
depicts the Pleistocene loess within the vicinity of the Site, generally present on higher ground
and “terrace” and “alluvial” deposits present in the valley areas, which supports this change in

surficial geology.

The Pleistocene loess beneath the Site is classified as the Menfro silt, which is comprised of firm
brown silty clay that is easily eroded, and characteristically develops on loess-covered ridge
tops and hillsides of 5 to 9 percent slope. The Menfro silt extends to an average depth of 15 feet
bgs in the area of the Site with clay content generally increasing with depth. The Menfro silt has
a high water capacity, and moderate permeability and surface runoff.

The majority of the Property has been excavated to remediate PCB-impacted soil within the
Menfro silt and limestone residuum, which lay at depths ranging from 0.5 and 27 feet bgs. The
excavated soils were thermally treated and subsequently used to backfill the excavations. The
thermally treated soil has a lower cohesive-bonding strength; therefore, this soil is more easily

eroded. The treated soil also appears to be more permeable.
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Surficial soils in the wetland area, to the southeast of the Site, include “terrace” and “alluvial”
deposits consisting of rounded sands, silty sands with occasional discontinuous clay layers near
wells MW-16A, MW-16B, MW-16C, MW-20A, MW-20B, MW-20C, MW-21A, MW-21B, and silty
clay, clayey siit, sandy silt and silty sand near soil boreholes BH-19A through BH-191. The
alluvial deposits range in thickness from 9.5 feet, approximately 120 feet south of Wilson Road
along Line ERT-MEW-13 (borehole BH-191} to 146 feet near the Wetland Creek (wells MW-16C
and MW-20C). The greater alluvium thickness noted within the Wetland area is caused by a
depression feature, which possibly might be a localized low, within a buried former river
channel, in the surface of the underlying Plattin Limestone.

Figure 1.5 shows the locations of geologic cross sections across the Site. Figures 1.6, 1.7, and 1.8
are the geologic cross-sections highlighting the geological sequence from the Site to the down
gradient Wetland area, including the potential alluvial channel.

1.3.4.3.2 Bedrock Geology

The bedrock is encountered at depths varying between 21 feet and 65 feet bgs beneath the Site
and to depths between 9.5 feet and 146 feet bgs beneath the Wetland area. The bedrock is
composed of weathered, fractured and solution-enhanced massive limestone.

Bedrock structure was evaluated as part of the RI and included field fracture mapping
(especially in nearby quarries), geoprobe investigations, geophysical ERT, seismic reflection and
refraction assessments, and fracture network analysis using the FRACMAN computer model.
The bedrock characterization studies were performed to evaluate the distribution and character
of fractures and solution-enhanced discontinuities in the Plattin Formation Limestone, evaluate
their relevance to local groundwater and transport of COPCs, assist in the identification of
fracture zones, and to develop an improved understanding of the geologic structure at the Site
and in the downgradient wetland area.

The bedrock characterization studies indicate that fracturing at the Site is dominated by two
principal fracture sets. Both fracture sets are vertical (or near vertical) in dip, and the individual
poles for each set are oriented at approximately 76° and 145°, respectively. Horizontal fractures
and open bedding planes are common in the upper 15 feet of bedrock, but their frequency and
spacing declines with depth. Fifty feet below the bedrock surface, horizontal fractures are rare,
although this may represent a transport pathway of some significance. Fracturing appears to be
more intense in the uppermost 31 feet of the bedrock with a fracture intensity of 0.09 ft2/ft?,
Fracture intensity, which is related to fracture spacing and has been defined in Fracworks XP
using the P» parameter, represents the surface area of fractures to be found in a given volume
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of rock. In the deeper bedrock, the fracture intensity decreases by an order of magnitude,
although the average fracture length (of vertical fractures) increases significantly. Fracture
length through the bedrock appears to follow a lognormal distribution.

Based on field fracture mapping of five outcrop locations, including the Lone Star Quarry and
East Missouri State Quarry, the bedrock underlying the Site and surrounding areas can be
described as existing in the following three zones:

o Upper weathered zone - typically 50 feet thick. This zone is characterized by vertical
fractures with large apertures, approximately 23 feet apart. These fractures have been
enlarged by dissolution, especially at fracture intersections. Fractures with apertures in
excess of 3 feet have been observed. The major fracture solution features in this zone are in
filled with silty loess deposits. Horizontal bedding plane fracturing is common, especially
in the uppermost 10 feet of the bedrock.

¢ Intermediate zone - approximately 115 feet thick. This zone is characterized by persistent
vertical fractures spaced 100 to 150 feet apart, with some degree of dissolution-related
opening. Fracture apertures are significantly narrower than those in the upper weathered
zone and are characterized by varying degrees of calcite and other mineral deposition. Very
few horizontal bedding fractures were observed, however this may represent a transport

pathway of some significance.

¢ Deeper zone — greater than 260 feet thick. This zone is characterized by occasional discrete
vertical fractures more than 150 feet apart. Fractures are narrow and frequently in filled
with mineral deposits. Horizontal bedding fractures are rare in this zone; however this may

represent a transport pathway of some significance.

General features of the bedrock structure interpreted from the results of ERT, seismic and
geoprobe surveys are presented in Figure 1.9. Figure 1.9 illustrates an alluvial-filled depression
feature extending to at least as deep as 146 feet bgs is interpreted to exist in the area of
monitoring well clusters MW-16, MW-17, MW-20 and MW-21. The deposits that infill this
channel or alluvial feature and lie beneath the wetland area, are indicative of a fluvial
environment and this feature may indicate a localized low-point within a former fluviai
channel. The existing geologic and geophysical data collected in the wetland area can have
several interpretations ranging from a closed geologic depression, to a segment of a larger
buried channel feature which may, or may not be hydraulically connected to, and part of the
Mississippi River Valley system.,

Interpreted fracture trends, shown as dashed lines on Figure 1.9, vary from almost east-west to

northwest-southeast, consistent with the fracture model developed from field data. The only
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fractures displayed are those for which evidence was observed on multiple geophysical profiles
and/or inferred from increased geoprobe refusal depths. The location of a suspected fracture or
joint feature was displayed along Line MEW-8 and a probable fracture or joint feature was also
interpreted along Line MEW-9. The latter fracture zone is aligned with a similar feature as
interpreted running through the Property well cluster and MW-13. The presence of a major
vertical fracture zone within a depression in the bedrock structure was confirmed upon
advancing monitoring wells MW-15A and MW-15B, based on rock core examination and depth
of bedrock. Major vertical fractures features in the study area are often characterized by

significant local depressions in the bedrock surface.

The fracture zone targeted at the location of wells MW-17A/B and indicated along Line
ERT-MEW-11 was not found upon investigation. Similarly, the location of a fracture or joint
feature displayed along Line MEW-13 was not confirmed upon advancing boreholes BH-19 A
through I, which all encountered bedrock at <40 feet bgs.

1.3.5 HYDROGEOLOGY

The knowledge of groundwater hydrology is based on water levels measured in groundwater
monitoring wells and surface water locations during quarterly groundwater monitoring events
from 2000 to present and groundwater modeling activities. The majority of onsite wells are
completed within the upper weathered bedrock zone with screened depths of less than 60 feet
bgs. Monitoring wells MW-5 and MW-6 are completed in the loess, and monitoring wells
MW-11 and MW-11A are completed within the intermediate and deep zones. Off-Property
monitoring wells MW-16A, MW-16B, MW-16C, MW-17A, MW-18, MW-20A, MW-20B,
MW-20C, MW-21A and MW-21B are completed within the alluvial deposits, and MW-15A,
MW-15B and MW-17B are completed within the limestone.

1.3.5.1 Piezometry and Groundwater Flow

Analysis of groundwater level hydrographs from monitoring wells MW-3 and MW-11 indicate
that groundwater within the upper weathered and intermediate zones are in hydraulic
continuity. Monitoring well MW-11A, completed in the deep zone, has a different hydrograph
response than wells MW-3 and MW-11, which are completed in the upper weathered and
intermediate zones, respectively. This suggests that there is limited hydraulic continuity

between the intermediate and deep zones.

The groundwater surface at the Property is approximately 40 feet bgs and often occurs within
the limestone bedrock. The loess is generally unsaturated, with the exception of perched water
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(observed in well MW-6) and where the loess deposits occur within fractures in the bedrock
below 40 feet bgs.

The majority of flow within the limestone bedrock is interpreted to occur within the fractures in
the weathered and intermediate zones. The limestone within the deep zone is described as
competent with few fractures. Any fractures that are present within this zone are mostly in
filled with mineral deposits and, consequently, there is unlikely to be significant groundwater
flow within this zone, The distribution of groundwater heads within the limestone is likely to
be strongly influenced by the spatial distribution of fractures, which may give rise to difficulties

in interpretation.

Groundwater monitoring from the Study Area indicates that the local hydraulic gradient is
southeast toward the Wetland Creek, implying that groundwater flows in this direction. For
the shallow alluvial deposits (<25 feet bgs, above a clay layer) the Wetland Creek acts as a
groundwater discharge zone as described in the RI Report(Komex, 2005d) and groundwater

modeling reports (Komex, 2003a and Komex, 2005¢).

The depth to groundwater measured in November 2004 for shallow alluvium wells in the
wetland area ranged between 047 feet and 3.86 feet bgs. Figure 1.10 presents the
potentiometric surface for wells screened in weathered bedrock (screened shallower than 100
feet bgs), loess, and shallow alluvium deposits (screened shallower than 25 feet bgs) as recorded
in November 2004. Figure 1.11 presents the potentiometric surface for wells screened in the
deep alluvial deposits (screened between 50 feet and 150 feet bgs) as recorded in November
2004. Groundwater piezomefry within the limestone is relatively complex and is likely

influenced by the spatial distribution of fractures.
1.3.5.2 Hydravlic Conductivity

Hydraulic conductivity of the limestone and alluvium deposits has been estimated from slug
testing and hydrograph analysis. Slug and packer tests conducted by EarthTech provide an
estimate for upper weathered bedrock zone hydraulic conductivity between 2.6 x 10? and 0.26
feet/day (feet/d). Slug testing performed by Komex in 2003 gave estimates of bulk equivalent
hydraulic conductivity between 0.03 and 2.0 feet/d for the limestone and hydraulic conductivity
of 0.89 and 1.8 feet/d for the alluvial deposits beneath the wetlands (Komex, 2003a). The most
recent slug testing by Komex {(Komex, 2005¢) provides estimates of hydraulic conductivity for
wells MW-20A, MW-20B, MW-21A and MW-21B in the alluvial sediments in the wetlands
ranging between 0.6 to 28.3 feet/d. Hydrograph analysis performed by Komex in 2003 provided
higher estimates of bulk equivalent hydraulic conductivity for the limestone. Estimates using
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the hydrograph method vary between 10 and 158 feet/d for the upper weathered zone and 8
and 16 feet/d for the intermediate zone. It was concluded, based on data analyzed, that the
hydrograph values are on the high end of likely estimates.

1.3.5.3 Demography and Land Use

The Site is located within the SW % of the NW Y of Section 12, Township 30 North, Range
13 West, Cape Girardeau, Missouri within the corporate limits of the City of Cape Girardeau.

As of the census of 2000 there where 35,349 people, 14,380 households, and 8,297 families
residing in the City of Cape Girardeau. Out of the 14,380 households, 25.7% have children
under the age of 18 living with them, 43.8% are married couples living together, 10.9% have a
female householder with no husband present, and 42.3% are non-families. 33.6% of all
households are made up of individuals and 11.5% have someone living alone who is 65 years of
age or older. The average household size is 2.24 and the average family size is 2.90.

In the City, the population is spread out with 20.5% under the age of 18, 18.4% from 18 to 24,
25.6% from age 25 to 44, 19.9% from age 45 to 64, and 15.5% who are 65 years of age or older.
The median age is 34 years. For every 100 females, there are 89.5 males. For every 100 females

age 18 and over, there are 86.9 males.

According to the U.S. Census Bureau, the City has a total area of 24.32 square miles (mi?), of
which 24.29 mi? of its land and 0.03 mi? of it is water. The total surface water area is 0.21%.

The Property is currently zoned for light industrial land use. The abutting properties and
vicinity of the Property are primarily utilized for business/commercial/light industrial purposes.
The adjacent properties occupy approximately 18 acres and include: the Diebold rental
property located at the southwest corner of the Property; Cape Carpet, R&M Enterprises, and
Paramount Liquor Company to the north and east; and Morrill Construction Company and
Armor Mini Storage to the south. South Kingshighway borders the Property to the west.

The City of Cape Girardeau water supply is currently drawn from shallow wells near the
Mississippi River and from the Mississippi River. Water Treatment Plant #1 is in the process of
changing its water source from the Mississippi River to alluvial wells located on a sandbar
along the river, north of town. Water Treatment Plant #2 has shallow wells on the river's
floodplain south of the city where the water table is high. The nearest municipal water supply
well (Well 43) relative fo the Property is approximately 2 miles southwest of the Property.
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1.4 NATURE AND EXTENT OF COPCS

The following sections briefly describe the onsite source areas and distribution of COPCs in
groundwater at the Site. The source areas on the Site are depicted in Figure 1.12 and the
distribution of COPCs in groundwater from the Fourth Quarterly 2004 sampling event is shown
on Figure 1.13.

COPCs considered in the BHHRA (Komex 2005f), are defined as compounds that had
concentrations in excess of the Region IV Preliminary Remediation Goal (PRG) for tap water
(screening level) and non-carcinogenic compounds that had concentrations in excess of the
screening levels when multiplied by 0.1 (to account for potential additive effects). In addition,
compounds, which were analyzed for and not detected, but had method detection limits
(MDLs) in excess of the respective screening levels, were also included as COPCs. There is
considerable uncertainty whether these undetected compounds actually impact groundwater at
the Site.

A full list of COPCs and a detailed discussion of the methodology used to develop COPCs is
presented in the BHHRA (Komex 2005f).

1.4.1 SOURCE AREAS

The main source of COPC impacted groundwater at the Site appears to be related to the releases
of dielectric fluid associated with onsite drum storage and past recycling operations. Prior to
the 1999 soil remedial action, a majority of the surface soils sampled contained PCBs with
sporadic detections of volatile organic compounds (VOCs) including methylene chloride,
trichloroethene (TCE), 1,1,1-trichloroethane (1,1,1-TCA) and chlorobenzene. Approximately 75
percent of the surface soils (approximately 295,000 square feet or 6.77 acres) on the Property and
surrounding areas were found to be impacted with PCBs at concentrations of 10 ppm or greater
(USEPA, 1990). PCBs adsorbed onto near-surface soils were transported onto surrounding
properties via storm water runoff. Therefore, PCB contamination was located primarily along
drainage pathways with concentrations decreasing with increasing distance from the Property.

Results of previous investigations and RI sampling indicated that PCB-impacted soils on the
Property were found at depth primarily in two areas, the debris burial area (Area 1) and the
transformer storage area (Area 2), as shown on Figure 1.12. Area 1 is a rectangular-shaped area,
approximately 180 feet by 82 feet, located on the southeast side of the Property between MW-14
and MW-12 and centered on the MW-3/MW-5/MW-11/MW-11A well cluster. A former ditch
running northwest to southeast just to the east of the well cluster is believed to be the primary
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source of PCB contamination in Area 1. Area 2, which has historically been used as a
transformer storage area, is an elongated-shaped area located at the center of the Property
between wells MW-4 and MW-10. Area 2 is generally defined by detections of TCE and
tetrachloroethene (PCE) in monitoring wells MW-4 and MW-10. A maximum concentration of
17 ug/L was detected in well MW-10 (March 1990 and January 1991), while a concentration of
8.2 ug/L was detected at well MW-11 during the November 2004 sampling event. The
concentrations of PCE and TCE in soil detected in this localized area are low (Komex, 2005d).

COPCs detected in groundwater beneath the Site and surrounding areas consists primarily of
PCBs, VOCs and SVOCs related to the former soil source areas. Inorganic compounds were
investigated during the initial RT work in the late 1980s and early 1990s and it was determined
that the inorganics concentrations at the Site did not indicate the presence of contamination
associated with the operations of MEW (EarthTech 1990, USEPA 1990 ROD). Based on this
evaluation and at the direction of the agency, inorganic compounds are not listed as COPCs.
The distribution of PCBs, VOCs and SVOCs detected above laboratory reporting limits (RLs)
and MCLs, based on groundwater monitoring conducted in November 2004, is presented in

Figure 1.13.

1.4.2 PCBS

Historically, PCBs (Aroclor 1260) have been detected in unfiltered samples collected from six
monitoring wells. These wells include: well MW-3 (at up to 4.7 ug/L, and below the method
detection limit in November 2004); well MW-5 (at up to 110 ug/L, 2.9 ug/L in November 2004);
well MW-7 (only once at a concentration of 0.35]); well MW-11 (at up to 110 ug/L, below the
laboratory reporting limit in November 2004); well MW-11A (at up to 55 ug/L, and below the
method detection limit in November 2004); and well MW-12 (at up to 8.3 ug/L, and below the
method detection limit in November 2004). PCB results for filtered samples have only been
reported for samples collected from well MW-11 over two sampling events (June and
September, 2000) at concentrations ranging from 2.0 to 4.5 ug/L, after which no result was
greater than the laboratory method detection limit. PCBs have not been detected down
gradient of the MEW Property since October 2003.

The PCB testing suite included six PCBs, of which onily Aroclor-1260 was detected above the
MDL, as discussed above. The other five PCBs: Aroclor-1254, Aroclor-1221, Aroclor-1232,
Aroclor-1248 and Aroclor-1242 were not detected above their respective MDLs, however, MDLs
for these PCBs exceeded the respective screening level and as such, these PCBs were considered
as COPCs in the BHHRA (Komex, 2005f),
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PCBs tend to strongly adsorb onto particles of clay and organic material, precluding significant
migration in the dissolved phase. Typically, PCBs detected in groundwater have been
associated with the sediment suspended within the groundwater column, possibly present as
sediment at the bottom of each well (and filter pack), and re-suspended during groundwater
monitoring activities. This has been confirmed by sampling sediments collected at the bottom
of wells MW-5, MW-11, and MW-11A on from September 27- to 29, 2000. All three sediment
samples had detected concentrations of PCBs: 5,500 ug/kg in well MW-5; 1,700 ug/kg in well
MW-11; and 49,000 ug/kg in well MW-11A. Additionally, these monitoring wells were kept
intact during thermal treatment activities. Therefore, some remaining impacted material might

reside in close proximity to each of these welis.

Movement of sediment particles from the shallow zone, vertically downward under natural
hydraulic gradient, is considered relatively unlikely. This is because sediment particles with
adsorbed PCBs would have to migrate their way through the silty-clay sediments, which infill
the large vertical fractures in the weathered upper bedrock zone. This winnowing process
would require large volumes of percolating water and relatively high flow velocities to mobilize
the particles. While it is possible that this occurs in large fractures or weathered zones, it is
highly unlikely to occur in the zone represented by well MW-11

The volume of water required and high flow velocities required to mobilize the PCBs, combined
with isotopic evidence {low tritium units [<0.6 TU]) for the presence of older water at depth,
point toward the emplacement of COPC at depth via previous drilling practices, especially
during lost-circulation events, aggressive pumping during weil development, and subsequent
aquifer testing (as documented in the Supplemental Hydrogeologic Investigation Report — Earth
Tech, 1991). Lost-circulation problems during the Earth Tech (1991) drilling program resulted
in significant accumulations of drill-cut sediments in the bottom of boreholes. It is possible that

sediment particles with attached PCBs found in voids in well MW-11 were introduced through
the drilling and aquifer testing processes in the early 1990s.

Based on the declining trend in PCB concentrations (Komex, 2002b) and the fact that PCBs tend
to strongly adsorb onto particles of clay and organic material, it is unlikely that groundwater is
a significant dissolved phase transport medium for PCBs (Komex, 2005d).

1.4.3 VOCS AND SVOCS

The main organic compounds detected in groundwater include: chlorobenzene, 1,2-
dichlorobenzene (1,2-DCB), 1,3-dichlorobenzene (1,3-DCB), 1,4-dichlorobenzene (1,4-DCB),
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1,2,4-trichlorobenzene (1,2,4-TCB), 1,1,1-TCA, TCE, PCE, 1,1-dichloroethane (1,1-DCA), 1,1-
dichloroethene (1,1-DCE), 1,2-dichloroethane (1,2-DCE) and benzene,

Chlorobenzene, 1,2-DCB, 1,3-DCB, 1,4-DCB, 1,24TCB and benzene are all potential
components of dielectric fluid, which was recycled from transformers at the Property. Both 1,4-
DCB and chlorobenzene are also potential “daughter products” of breakdown of 1,2,4-TCB.
Furthermore, 1,1,-DCA and 1,1,-DCE can be derived from the breakdown of 1,1,1-TCA, while
1,2-DCE and 1,1,-DCE can be derived from the breakdown of PCE and TCE. Degradation of
chlorinated solvent compounds can occur through both abiotic and biotic mechanisms.
Chlorinated solvents may biodegrade both aerobically and anaerobically.

VOCs found above the method detection limits in groundwater samples collected during the
November 2004 monitoring event are presented on Figure L13. In addition, concentrations
above the MCLs, in November 2004 include:

e chlorobenzene;

* benzene;

o TCE; and,

¢ unfiltered PCBs - Aroclor 1260.

Specific organic COPC are discussed further below.

Of the VOCs detected in groundwater, chlorobenzene has been detected at the highest
concentrations and in the most samples. The highest concentration of chlorobenzene was
detected in monitoring well MW-12 at a concentration of 3,200 micrograms per liter (ug/L) in
November 2004. The previous maximum concentration was 3000 ug/L in December 2002,
which had subsequently decreased to 1,500 ug/L in May 2004. Chlorobenzene has also
historically been detected in monitoring wells MW-3 and MW-5, located up gradient of well
MW-12, at maximum concentrations of 1,600 ug/L and 130 ug/L respectively (390 ug/L and 14
ug/L in November 2004). Chlorobenzene has also been detected on a regular basis in
monitoring wells MW-4 (at up to 42 ug/L), MW-11 (at up to 68 ug/L) and MW-14 (at up to 8.9
ug/L). Down gradient of the Property, chlorobenzene has only been detected above the
laboratory reporting limit in well MW-7 (at up to 9.8 ug/L). Chlorobenzene was detected ata ]
qualified concentration of 2.9] ug/L for a duplicate sample collected from well MW-16C in
November 2004. There was no detection above the method detection limit for chlorobenzene in
the primary sample collected during the November sampling event from well MW-16C,

Benzene was detected in monitoring well MW-12 (at up to 83 ug/L, generally increasing from 26
ug/L since December 2002) and well MW-3 (at up to 17 ug/L) on the Property. Benzene has not
been detected above the laboratory reporting limit in samples from groundwater monitoring
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wells down gradient of the Property. An estimated J qualified detection of 1.7] ug/L was
reported for a sample from well MW-16B for the November 2004 groundwater sampling event,

TCE has been detected in monitoring wells MW-4 (at up to 5.2 ug/L), MW-10 (at up to 17[197]
ug/L), MW-11 (at up to 8.9 ug/L) and in WSW-1 (at up to 4.5] ug/L [below reporting limit]) on
the Property. There is historical reference to a maximum on-site detection of TCE at a

concentration of 19 ug/L; however the well at which this detection occurred is uncertain
(USEPA, 1990}.

TCE has been detected down gradient of the Property in monitoring wells MW-7, MW-16B and
MW-16C at a concentration above the laboratory reporting limit. The November, 2004 sampling
event detected an estimated TCE concentration of 2.0] ug/L for well MW-15A. Monitoring well
MW-7 only had one detection of TCE at a concentration of 9.0 ug/L in March 1990, immediately
after well installation, and samples from this well have been below detectable levels since.
Maximum TCE concentrations of 9.9 ug/L and 9.2 ug/L have been detected in samples from
monitoring wells MW-16B and MW-16C, respectively. These wells are located in the wetland
area, screened in ailuvial deposits. Estimated TCE values of 2,0] and 1.4] ug/L were observed in
groundwater samples from wells MW-15A and MW-14 respectively during the November 2004
sampling event. In November 2004, TCE was detected at concentrations above the MCL (8.4
ug/L, 7.4 ug/L and 8.2 ug/L for wells MW-16B and MW-16C and MW-11, respectively).

1.5 COPC FATE AND TRANSPORT

The following is a summary of the COPC fate and transport findings presented in the RI Report
(Komex, 2005d), Groundwater Modeling Report (Komex, 2003a) and Groundwater Flow and
Transport Supplemental Modeling Letter Report (Komex, 2005¢).

The principal mechanism for transport of COPCs is in the dissolved phase. Generally, the
upland ridge upon which the Property is situated acts as a local-scale groundwater flow system.
Recharge infiltrates into the subsurface, percolating downward through the overburden, and in
some cases, the upper weathered bedrock to the groundwater table. The groundwater flow
direction is determined primarily by the dominant hydraulic gradient. Near the Property, the
hydraulic gradient is dominantly horizontal, to the southeast toward the wetland and creek,
which lie in the shallow valley to the southeast of the Site. On the upland ridge, there is also a
smaller vertically downward component of flow. At the Site, the surficial loess deposits, which
overlie bedrock, are largely unsaturated, and the groundwater surface exists within the upper
weathered and fractured bedrock. Thus, at the Site, the predominant groundwater flow occurs

within the fractured, weathered bedrock.
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Groundwater flow within the bedrock in the study area is fracture-dominated. Fractures, and
fractures which have been solution-enhanced to create “voids”, are the main contributors to
bedrock permeability. Matrix permeability is very low in comparison, and so groundwater
flow occurs most readily through these fractures. As described in Section 1.3.4.3.2, rock
fracturing is most intense in the upper few feet of bedrock, and fracture size, length, aperture
and frequency decrease sharply with depth. Below 150 feet, fracturing is relatively rare, with
vertical fracturing predominating. In the more competent fractured bedrock, almost all of the
flow occurs only within discrete fractures themselves. Evidence of the occlusion of some of

these fractures by mineralization was observed.

Major vertical fractures appear to have a major influence on groundwater flow and COPC
transport. The two identified major vertical fracture sets in the study area trend approximately
NE-SW and NW-SE. The hydraulic gradient at the Site is oblique to these main fracture
orientations, which gives a highly complex conceptual COPC transport pattern, resulting from
the components of hydraulic gradient which apply in each of the fracture sets. The combination
of the hydraulic gradient and an anisotropic media can result in a myriad of hypothetical
tortuous flow paths as described in the fracture flow and transport modeling (Komex, 2003a).
Therefore, although the general pattern of groundwater flow from the Site is known to occur
within weathered bedrock and discretely fractured bedrock, the precise pathways of flow are
complex, and are, in practical terms, not possible to fully or precisely define. This is clearly
shown by the distribution of COPC in the study area.

Given the concentrations of particular COPCs on the Property boundary (for instance,
chlorobenzene in MW-12), it is surmised and predicted by equivalent porous medium (EPM)
groundwater fate and transport modeling that chlorobenzene should appear in fractured
bedrock monitoring wells downgradient of the Site. Despite attempts to place monitoring wells
down-gradient in the bedrock to find the chlorobenzene, none has been actually detected.
While the prediction of some COPCs in discretely fractured bedrock down-gradient of the Site
can be made with confidence, it is technically impractical, even with significantly greater
expenditure, to locate the exact fractures where COPCs exist due to the extremely complex
fracture network, and the complex forces governing COPC transport and behavior within those
fractures. It is equally difficult to place monitoring wells precisely enough within such fractures
to ensure representative detection of COPCs.

After migrating through the bedrock fracture network, on an indeterminate pathway, which has
only been conceptually approximated using a stochastically-generated discrete fracture network
model and particle flow through that network (Komex, 2005e), COPCs are predicted to
discharge along the interface between the bedrock and the alluvial depression to the southeast.
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Given these conditions, the EPM model developed for the Site is the only practical way of
representing overall groundwater and COPC behavior. COPCs are made to discharge into the
alluvial deposits at one specific point, representing a single idealized major fracture, which
carries COPCs from the source areas on the Property directly to the alluvium. This provides a
worst-case scenario of COPC transport, delivering concentrated COPCs quickly and directly to
the alluvial deposits. However, as clearly shown in the discrete fracture modeling, it is far more
likely and realistic that COPCs are reaching the alluvium through many smaller fractures, at
discrete points along a broad front of the alluvium-bedrock interface (perhaps as much as 1,000
feet wide), but much more slowly than predicted in the highly conservative {worst-case) EPM
model, and at much lower concentrations and mass-fluxes. Thus, the overall effect is that
COPC concentrations in the bedrock and the alluvium are likely to be much lower, at any given
point in space, than predicted by the EPM model. This is exactly the situation observed in the
field data. COPC concentrations measured in offsite wells are in all cases lower or significantly
lower (below RL) than model predictions. This reflects the complexity of the bedrock flow
pathways and our inherent, technologically-limited ability to characterize the bedrock flow and
transport with any degree of accuracy. Although the EPM model can reasonably predict COPC
concentrations in a simulated fracture and model results are valid for scales of evaluation that
are likely to include one or more fractures, the exact occurrence, location and geometry of
fractures in the field are not known. Therefore, model results can be used to assess worst-case
risk to hypothetical receptors (by wells modeled as being installed in simulated fractures);
however, the results can not be used at the scale necessary to precisely locate wells for either

remediation or water supply purposes.

After groundwater discharges to the alluvium, most often at depth, it is subjected to a change in
hydraulic properties and flow regime. Groundwater flow to the southeast in the alluvium is
influenced by the interaction of the wetland and the creek with the shaliow groundwater flow
system. Generally, there appears to be an upward and eastwards flow towards the creek from
the Site in the alluvium, as the wetland creek acts as a base of drainage for the local-scale
groundwater flow system. Conversely, from the upland ridge to the south of the creek,
groundwater flow in the ailuvium is towards the north and east towards the creek. In addition,
groundwater flow within the alluvium is locally influenced by heterogeneities and a potential
partial confining layer of unknown extent has been observed in at least at one location (near the
MW-16 well cluster).

1.6 BASELINE HUMAN HEALTH RISK ASSESSMENT

This section presents a summary of the results of the BHHRA (Komex, 2005f), which assessed
the risks posed to human health by impacted groundwater beneath the Site and surrounding
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areas. This section should be read in conjunction with the RI and BHHRA reports (Komex,
2005d and Komex, 2005f).

A Conceptual Exposure Model (CEM) was developed for the Site based on the folliowing future
land uses:

» Commercial/industrial use at the Property. A deed restriction will be applied to the
Property to ensure that groundwater beneath the Property cannot be used for water supply.

* Residential use on wetland area, City zoning for this area is light industrial/commercial.

The assumption of residential land use is therefore considered conservative.

The CEM identified the following potentially complete exposure pathways that should be
quantified:

* Exposure to an adult worker at the Site from the inhalation of COPC vapors that have
migrated from the subsurface through the floor into the building;

¢ Exposure to an off-Site construction worker from direct contact with shallow groundwater
in the wetland area; and

s Exposure to an off-Site resident from: (1) inhalation of COPC vapors that have migrated
from the subsurface through the floor into the building; (2) ingestion/dermal contact of
COPC in groundwater used for water supply; (3) inhalation of COPC arising from use of
groundwater; and (4) ingestion and dermal contact with COPC in surface water during
recreational use of the creek. Exposure to an off-Site resident not using groundwater at the

Site for water supply was also considered.

s Exposure to possible trespassers from recreational use of the creek {dermal contact and
incidental ingestion).

COPC were identified by comparison of maximum concentrations detected in groundwater
with risk screening values. The USEPA Region 9 Preliminary Remediation Goals {(PRGs} for the
tap water pathway have been used to derive these screening values. There were 52 compounds
selected as COPC, of which 48 have been quantitatively evaluated in this BHHRA. Thirty one
of the organic COPC have never been detected in groundwater at the Site but have been
selected as COPC because the maximum method detection limit (MDL) for these analytes
exceeds the applied screening toxicity values. Four additional non-detected chemicals were
retained as COPC but were not evaluated quantitatively in this risk assessment due to the
absence of available toxicity data.

Inorganic compounds were investigated during the initial RI work in the late 1980 and early

1990s and it was determined that the inorganic concentrations at the Site did not indicate the
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presence of contamination associated with the operations of MEW (EarthTech 1990, USEPA
1990 Record of Decision [ROD]). Based on this evaluation and at the direction of the agency,
inorganic compounds are not listed as COPC.

Fate and transport modeling was used to predict point of exposure (POE) concentrations for the
identified receptors. Two types of modeling have been conducted: (1) groundwater modeling
to predict reasonable maximum exposure (RME) concentrations of organic COPC that could
occur in groundwater off Site; and (2) vapor modeling to predict RME concentrations of organic

COPC that could occur in indoor air as a result of impacted groundwater beneath a building.

Exposure equations and factors were obtained from the USEPA Risk Assessment Guidance for
Superfund (RAGS) for quantifying exposure for each of the pathways identified in the CEM.
Parameter values were selected to ensure that the RME was quantified. Parameter values were
also collated for central tendency exposure (CTE).

Toxicological data were obtained from the appropriate sources following USEPA’s hierarchy.
For the purposes of this risk assessment, 37 compounds were considered carcinogenic.
Reference doses and cancer slope factors were obtained for these compounds, where available.
Fifteen compounds were treated as non-carcinogens. Reference doses were obtained for these
compounds, where available. A range of cancer slope factors was identified for trichloroethene

(TCE). Three slope factors representing this range have been used for characterizing risks from
TCE.

The results of the exposure assessment have been combined with the toxicological data to allow
the risks associated with impacted groundwater below and extending from the Property to be
evaluated. A conservative approach has been adopted for both the exposure assessment and
selection of toxicological parameters. The calculated RME risk factors for organic COPC using
these conservative assumptions are presented below:
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Receptor Total Hazard Index {H1) Incremental Lifetlime Cancer

For Organic COPC Risk (ILCR) For Organic COPC
Adul worker on MEW Property 0.1 I x105t0 6 x10¢
Adult off-Site construction worker in 2 Sx107to 4x 107

wetland areq

Resident (child and/or adult} on 124 1 %102
wetland area wusing impacted
groundwater for water supply
(Hypothetical Well D)

Resident (child and/or adulf) on 0.06 2x106t03x 107
wetland area with municipal water
supply (Hypothetical Well C}

Trespasser 0.003 3x 108

The calculated RME HLI for organic COPC for the adult on-Site worker is 0.1, The RME ILCR for
organic COPC for an adult worker ranges from 1 x 10 to 6 x 10, depending on the TCE slope
factor used. This ILCR is based on a 25-year exposure duration averaged over a 70-year life

span.

The calculated RME HI for organic COPC for the adult off-Site construction worker in the
wetland area is 2, The RME ILCR for organic COPC for an adult off-Site construction worker
ranges from 5 x 107 to 4 x 107, depending on the TCE slope factor used. This ILCR is based on a

1-year exposure duration averaged over a 70-year life span.

The EPM has shown that elevated concentrations of organic COPC could exist within the
limestone and alluvial deposits beneath the wetland area. A range of risks has been calculated
for a future resident using three hypothetical water supply wells located in the wetland area.
The highest risk has been predicted for the residential receptor when the drinking water supply
well is located within the plume of impacted groundwater. A maximum RME HI of 124 and an
ILCR of 1 x 102 have been predicted for organic COPC for this scenario using the worst case
concentrations predicted by the groundwater model. The ILCR values for the residential
receptor are based on a 30-year exposure duration, including 6 years as a child and 24 years as

an adult, averaged over a 70-year life span.

The maximum calculated RME HI for organic COPC for a resident that does not use
groundwater for water supply or uses groundwater not impacted by organic COPC is 0.06. The
calculated ILCR for organic COPC for this scenario is 2 x 104 and 3 x 107, depending on the
slope factor used.
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The calculated RME HI for organic COPC for a trespasser from recreational use of the creek
(dermal contact and incidental ingestion) is 0.003. The calculated maximum ILCR for this
scenario is 3 x 10%. The ILCR values for the trespasser are based on an exposure duration as
defined for the off-Site resident.

Based on the USEPA’s acceptable risk range of 1.0 x 10~ to 1.0 x 10, and an acceptable HI of 1,
the following conclusions are drawn from the risk assessment:

¢ Indoor vapor intrusion from impacted groundwater beneath the Property was assessed as
the only potentially complete pathway for future on-Site workers. Risk quantification for
organic COPC has shown no significant risk to future on-Site workers from this pathway.

¢ Dermal contact with and incidental ingestion of impacted shallow groundwater were
assessed as the only potentially complete pathways for future off-Site construction workers,
Risk quantification for organic COPC showed no significant cancer risk to future off-Site
workers from this pathway. However, the assessment showed that there could be a

significant non-cancer risk from organic COPC to future off-Site workers from this pathway

o The use of impacted groundwater for water supply, indoor vapor intrusion from impacted
groundwater and recreational use of the creek (dermal contact and incidental ingestion)
were assessed as the only potentially complete pathways for future off-Site residents. Risk
quantification for organic COPC showed no significant risk to future off-Site residents from
indoor vapor intrusion and recreational use of the creek. The assessment showed that there
could be a significant risk from organic COPC to future residents living in the wetland area

if they were to use impacted groundwater as their water supply.

¢ Risk quantification for organic COPC showed no significant risk to future residents living in
the wetland area if they use an alternative water supply (i.e., municipal water supply).

¢ Recreational use of the creek (dermal contact and incidental ingestion) was assessed as the
only complete pathway for trespassers on the wetland area. This pathway was quantified as
part of the residential scenario and showed no significant risk from organic COPC. It has
therefore been concluded that there is no significant risk from organic COPC to trespassers

from recreational use of the creek.

In summary, the results of the risk assessment have demonstrated that the risk to adult workers
at the MEW Property is unlikely to be significant. This is based on the assumption that a
restriction is applied to the Property to prevent the usage of groundwater beneath it.
Groundwater fate and transport modeling has indicated that the groundwater plume
containing COPC could extend off Site to the southeast of the MEW Property beneath the
wetland area. Exact prediction of the plume extent is not possible due to the uncertainties
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inherent in modeling COPC migration in fractured media. The risk assessment has shown that
use of the potentially impacted groundwater beneath the wetland area could present a
significant risk to receptors. It has also been demonstrated that there could be a significant risk
from organic COPC to future off-Site construction workers in the wetland area.
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2 IDENTIFICATION/DEVELOPMENT OF ARARS AND
TBCS, RAOS AND GENERAL RESPONSE ACTIONS

This section presents the factors, which will be considered in assessing the need for remediation
and identifies possible GRAs as well as Site RAOs, which are based upon the identified COCs
and TCLs. In addition, volumes of impacted groundwater are estimated in this Section.

2.1 IDENTIFICATION AND COMPILATION OF ARARS AND TBCS

ARARs are environmental or public health requirements that are promulgated by the State or
Federal Government and are determined to be legally applicable or relevant and appropriate to
the chemicals/COCs, remedial activities, or other actions/circumstances at a CERCLA site NCP
Section 300.5 (NCP, 1995). CERCLA mandates compliance with applicable requirements, and
requirements deemed relevant and appropriate by the USEPA for onsite activities, unless a
waiver can be justified. Substantive requirements need to be fulfilled for onsite activities, but
administrative requirements (e.g., Federal, State and local permits; reporting requirements, etc.)
do not need to be attained. Offsite activities related to Superfund responses only need to
comply with applicable requirements, but both substantive and administrative compliance are
necessary. The two types of ARARs, “applicable” and “relevant and appropriate” requirements
are defined below.

Applicable Requirements: The NCP (NCP, 1995) defines “applicable” requirements as “those
clean-up standards, standards of control, and other substantive environmental protection
requirements, criteria, or limitations promuigated under Federal or State law that specifically
address a hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site.” The requirement is applicable if the jurisdictional
prerequisites of the standard show a direct correspondence when objectively compared to the
conditions at the site. An applicable federal requirement is an ARAR. An applicable State
requirement is an ARAR only if it is more stringent than federal ARARs. If the requirement is
not legally applicable, then the requirement is evaluated to determine whether it is relevant and

appropriate.

Relevant and Appropriate Requirements: The NCP (NCP, 1995) defines “relevant and

appropriate” requirements as “those clean-up standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
Federal or State law that, while not “applicable” to a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site, address
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problems or situations sufficiently similar to those encountered at a CERCLA site that their use
is well suited to the particular site.” A requirement must be determined to be both relevant and

appropriate in order to be considered an ARAR.

The criteria for determining relevance and appropriateness are listed in 40 C.F.R. §300.400(g)(2)

and include the following;:
¢ The purpose of the requirement and the purpose of the CERCLA action;

¢ The medium regulated or affected by the requirement and the medium contaminated or
affected at the CERCLA site;

o The substances regulated by the requirement and the substances found at the CERCLA site;

¢ The actions or activities regulated by the requirement and the remedial action contemplated
at the CERCLA site;

e Any variances, waivers, or exemptions of the requirement and their availability for the
circumstances at the CERCLA site;

» The type of place regulated and the type of place affected by the release or CERCLA action;

e The type and size of structure or facility regulated and the type and size of structure or
facility affected by the release or contemplated by the CERCLA action; and

¢ Any consideration of use or potential use of affected resources in the requirement and the

use or potential use of the affected resources at the CERCLA site.

According to CERCLA ARARs guidance (USEPA, 1988b), a requirement may be “applicable” or
“relevant and appropriate,” but not both. Identification of ARARs must be done on a
site-specific basis and involve a two-part analysis: First, a determination whether a given
requirement is applicable; then, if it's not applicable; A determination whether it is nevertheless
both relevant and appropriate. It is important to explain that some regulations may be
applicable or, if not applicable, may still be relevant and appropriate. When the analysis
determines that a requirement is both relevant and appropriate, such a requirement must be
complied with to the same degree as if it were applicable (USEPA, 1988b).

Non-promulgated advisories or guidance issued by federal or state governments are not legally
binding and do not have the status of ARARs. Such requirements may, however, be useful, and
are “to be considered” (TBC). TBC (40 C.FR. § 300.400([g][3]) requirements complement
ARARs but do not override them. They are useful for guiding decisions regarding cleanup
levels or methodologies when regulatory standards are not available.

Pursuant to USEPA guidance (USEPA, 1988b), ARARs are generally divided into three

categories:  chemical-specific, location-specific, and action-specific requirements.  This
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classification was developed to aid in the identification of ARARs; some ARARs de not fall
precisely into one group or another, These categories are described below, and general
examples of ARARs and TBCs potentially applicable to the Site are discussed.

2.1.1 POTENTIAL CHEMICAL-SPECIFIC ARARS AND TBCS

Chemical-specific ARARs and TBCs are typically health-based or risk-based numerical values
or methodologies applied to site-specific conditions that result in the establishment of TCLs. In
general, chemical-specific requirements are set for a single chemical compound or a
closely-related group of chemical compounds. Typically, these standards do not account for the
potential effects of multiple COCs. The identified chemical specific ARARs and TBCs, and their
consideration in the FS are summarized in Appendix B, Table B.1.

Examples of chemical-specific ARARs include the Federal Safe Drinking Water Act (SDWA)
maximum contaminant levels (MCLs) and maximum contaminant level goals (MCLGs), MDNR
MCLs (State MCLs), MDNR Water Quality Standards (WQS), and MDNE Groundwater Target
Concentrations (GTARCs). Examples of chemical-specific TBCs include USEPA health
advisories, reference doses, and cancer slope factors. Chemical-specific ARARs and TBCs are
employed to establish TCLs.

2.1.2 POTENTIAL LOCATION-SPECIFIC ARARS AND TB8CS

Location-specific ARARs place limitations or standards on the types of activities, which can be
performed, or the concentrations of COCs allowed, based on location in specific areas. The
identified location-specific ARARs and TBCs, and their consideration in the FS are summarized
in Appendix B, Table B.2. General examples of location-specific ARARs, which may apply to
the Site, are presented below.

Location-specific ARARs include regulations, such as Executive Order 11990 (Protection of
Wetlands), Executive Order 11988 (Floodplain Management), The Fish and Wildlife
Coordination Act, National and State Endangered Species Regulations, and The National
Historical Preservation Act, which are intended to minimize or prevent harm to sensitive areas
such as wetlands, floodplains, fragile ecosystems, areas of endangered species, and historic
features. Other location-specific ARARs are intended to restrict activities that are potentially
harmful because of where they take place. For example, Resource Conservation and Recovery
Act (RCRA) and State Hazardous and Solid Waste Rules/Policy restrict the placement of
facilities in geologically unstable areas.
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2.1.3 POTENTIAL ACTION-SPECIFIC ARARS AND TBCS

Action-specific ARARs typically are activity-based or technology-based regulations or
restrictions on remedial actions or other activities related to mitigation of hazardous wastes.
These action-specific requirements do not dictate what the selected remedial alternatives are;
however, they do regulate the way in which an alternative is implemented. General examples
of action-specific ARARs that may apply to the Site are presented below. The identified action-
specific ARARs and TBCs, and their consideration in the FS are summarized in Appendix B,
Table B.3.

Action-specific ARARs include State and Federal regulations related to the RCRA, Clean Water
Act (CWA) and Clean Air Act (CAA). RCRA regulations include design and operating
standards for facilities that treat, store or dispose of hazardous wastes; groundwater monitoring
requirements; and closure standards for treatment, storage and disposal facilities. CWA
regulates the discharge of pollutants to surface waters, including direct discharges to surface
water {e.g., of treated groundwater) and indirect discharges through publicly owned treatment
works (POTW). CAA regulates air emissions including those from hazardous waste

treatment/remediation operations.

2.1.4 POLICY CONSIDERATIONS

As part of the development and assessment of remedial alternatives, additional policy and
guidance documents from the USEPA were reviewed and taken into account as appropriate.

Typically, these documents were not considered ARARs or TBCs for the Site.

The USEPA guidance documents Land Use in the CERCLA Remedy Selection Process (USEPA,
1995) and The Role of Cost in the Superfund Remedy Selection Process (USEPA, 1996a) were

considered during the development and evaluation of remedial alternatives.

The USEPA guidance document for conducting remedial investigations (USEPA, 1988a) and
Presumptive Response Strategy and Ex-Situ Treatment Technologies for Contaminated Ground
Water at CERCLA Sites (USEPA, 1996b) were considered during the development and
evaluation of management of migration alternatives to address impacted groundwater.

2.1.5 ARAR WAIVER

In some circumstances, ARARs can be waived. The six general waivers stated in CERCLA
§121(d) are paraphrased below:
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1. The remedial action is an interim measure and is part of a final remedy that will attain
the waived ARAR upon completion.

2. Compliance with ARARs will result in greater risk to human health and the
environment than other options that do not comply with ARARs.

3. Compliance with ARARs is technically impracticable from an engineering perspective.

4. The remedial action will not meet ARARs, but will attain an equivalent standard of
performance through use of another method of approach.

5. The state has not consistently applied a state ARAR or demonstrated the intent to apply
the ARAR to similar remedial action sites.

6. Superfund money spent at a site will not provide a balance between the need to protect
human health and the environment and the availability of Superfund money for
response actions at other facilities.

If appropriate, the revised ROD will document the justification of any waived ARARs.

2.2 REMEDIAL ACTION OBJECTIVES

Remedial action expectations for contaminated groundwater are stated in the NCP, as follows:
“EPA expects to return usable ground waters to their beneficial uses whenever practicable, within a time
frame that is reasonable given the particular circumstances of the site. When restoration of ground water
to beneficial uses is not practicable, EPA expects to prevent further migration of the plume, prevent
exposure to the contaminated ground water and evaluate further risk reductions.” These program
expectations have been used to define the following general overall goals for remedial actions,
which are typically applicable for all sites with contaminated groundwater:

¢ Prevent exposure to contaminated groundwater, above acceptable risk levels;
¢ Prevent or minimize further migration of the contaminant plume;
e Prevent or minimize further migration of COCs from source materials to ground water; and

¢ Return groundwater to their expected beneficial uses whenever practicable.

These goals are listed in the sequence in which they shall be addressed and used to develop the
RAO:s for the Site.

RAOs consist of medium-specific, quantitative goals that define the extent of cleanup required
to protect human health and the environment, and to comply with ARARs. RAQOs identify the
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environmental media and COCs, exposure pathways and potential receptors and TCLs for each
exposure pathway/receptor. The RAOs are used to develop a range of remedial alternatives

intended to reduce receptor exposure to contaminated media.

The three principal aspects of RAO development are presented below and include COC
identification, TCL development, and RAQ formulation.

22,1 COC IDENTIFICATION

COCs were identified based on the results of the BHHRA, and are defined as COPCs that
significantly contribute to a pathway in a use scenario for a receptor (e.g. current adult
construction worker, future child and adult worker, etc.) that either exceeds a State or Federal
chemical-specific ARAR or exceeds a 10 cumulative site cancer risk or non-carcinogenic HI
of 1. COPCs with individual carcinogenic risk contribution less than 10 and non-carcinogenic
hazard quotient (HQ) less than 0.1 are not considered significant contributors to risk, therefore,
were not included as COCs. A list of identified COCs is presented in Table 2.1.

22,2 GROUNDWATER TARGET CLEANUP LEVELS

Groundwater TCLs were developed for the Site to be protective of human health and to comply
with chemical-specific ARARs. In addition, the TCLs developed for the various COCs were
compared against practically attainable analytical RLs to ensure compliance. The proposed
groundwater TCLs for the Site remedial action are summarized in Table 2.1.

TCLs were chosen to be equivalent to MCLs (for COCs which have established MCLs) because
they are legally enforceable standards for drinking water and the calculated site-specific risk-
based levels for protection of human health (derived from the cumulative risk calculation
[Komex, 2005f)]) are lower than the respective practically attainable RLs. In the case of COCs
with MDNR MCLs (State MCLs), which are more restrictive than MCLs, the State MCLs were
identified as the TCLs. In the case of COCs without a promulgated MCL/State MCL, the TCL
was chosen to be equivalent to WQS or GTARC, whichever is greatest. The proposed TCLs are
presented in Table 2.1. The considered TCL categories are briefly described below:

Protection of Human Health: TCLs based on potential risks associated with human exposure to
Site groundwater were estimated for the potential future offsite resident RME scenario,
assuming a cumulative (i.e., all identified COPCs) carcinogenic risk of 1 x 10 and a cumulative
HI of 1.0 (Appendix E).
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Chemical-specific ARARs: ARARs considered in developing TCLs are MCLs and State MCLs,
which are established drinking water standards for public water supply systems. State MCLs
are employed to develop TCLs where they are stricter than Federal standards. For the given
COCs, the numerical values for MCLs and State MCLs are the same. In cases where MCLs and
State MCLs are absent for a given COC, MDNR WQS or GTARCs shall be employed to develop
TCLs for groundwater.

Analytical Detection Limits: Laboratory MDLs and RLs were considered in the development of
TCLs. Given the uncertainty regarding the concentration of COCs detected below the RL it is

considered impractical to set a clean up criteria that cannot be quantified to an acceptable

confidence level. Furthermore, the restoration of an aquifer to levels below MDLs is probably
unattainable by current remedial technologies in a reasonable time frame. Therefore, TCLs
selected for the Site will not be set below practically attainable RLs.

2.2.3 REMEDIAL ACTION OBJECTIVES

Site RAOs are based on the COCs identified and TCLs developed above. The Site RAOs for
groundwater are:

e Prevent exposure of onsite and offsite receptors to fractured bedrock and alluvial
groundwater where COC concentrations exceed TCLs;

e Prevent future use of the underlying aquifer beneath the Site as a source of drinking water;

e Assess and manage the migration of COCs in fractured bedrock and alluvial groundwater;
and

¢ Assess and manage the migration of COCs from fractured bedrock to the alluvium.

2.3 DEVELOPMENT OF GENERAL RESPONSE ACTIONS

GRAs are actions that may be performed in order to attempt to address the Site’s RAOs.
Possible GRAs for the Site include:

¢ No action;

& Limited action;

¢ Containment;

¢ Collection;

¢ Ex-situ treatment;
e Discharge; and

¢ In-situ treatment.
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The GRAs provide a broad array of potential remedial technology types and process options to
fulfill the Site RAOs. One or more broad technology types are identified for each GRA, and
several process options are typically listed under each technology type. GRAs, technology
types and process options are discussed further in Section 3.

2.4 AREAS AND VOLUMES OF IMPACTED SOURCE GROUNDWATER

The FS process requires that within the areas to be addressed by the remedial alternatives
(source areas) the areasfvolumes of groundwater are estimated. The areas/volumes of

contaminated groundwater were estimated based on the identified source areas as described in
Section 1.4.1.

The volume of impacted groundwater within the source areas was calculated as the volume of
groundwater within the loess deposits plus the volume of groundwater within the fractures of
the weathered bedrock. The volume of impacted groundwater within the loess deposits and
fractures of the weathered bedrock at the two source areas was estimated at 1,202 m® (317,535
gallons). This estimate is likely to be a significant under-estimate of actual source mass as it
does not account for COCs sorbed to sediment. Impacted groundwater volume calculations are
presented in Appendix C.
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3 SCREENING AND EVALUATION OF REMEDIAL
TECHNOLOGIES AND PROCESS OPTIONS

In this section remedial technology types and process options that are potentially applicable to
groundwater COCs and conditions present at the Site are evaluated in a two-step process. The
process consists of an inijtial identification and screening step followed by a more detailed
evaluation. The overall purpose of this evaluation is to develop a focused group of remedial
technologies and process options that can be used to assemble and formulate remedial action

alternatives for both the fractured bedrock and the alluvium.

General Response Actions (GRAS) are broad remedial response categories that may include a
number of technology types (Section 2.3). The term technology types refer to general categories
of remedial technologies, which under the GRA of ex-situ treatment may include the technology
types; physical treatment and chemical treatment. The term “process options” refers to specific
processes within each technology type. For example, the technology type referred to as
chemical treatment may (for groundwater) include such process options as chemical oxidation
or advanced oxidation. Likewise, the technology type physical treatment may include the

process options air stripping or carbon adsorption.

3.1 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES
AND PROCESS OPTIONS

The first step in the overall evaluation of remedial technologies is the identification and
screening of a large array of available remedial technologies and process options. The purpose
of the screening effort is to reduce the number of available technology types and process
options by eliminating technologies based primarily on technical implementability. This is
accomplished by using information from the RI Report (Komex, 2005d) concerning COC types
and concentrations, as well as, Site characteristics, to screen out technologies and process
options that cannot be effectively implemented at the Site.

The principal source of information used for the identification of available remedial technology
types and process options was the Remediation Technologies Screening Matrix and Reference
Guide, Federal Remediation Technologies Roundtable (FRTR), Third Edition, November 1997
(FRTR, 1997). In addition, this information was supplemented with other technical literature

and Komex’s own experience.
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3.1.1 FRACTURED BEDROCK

The identification and screening of remedial technologies and process options for COC
impacted groundwater within the fractured bedrock are presented in Table 3.1. Table 3.1 lists
the possible GRAs and considers technical implementability for associated remedial
technologies and process options. A description of process options, as well as conclusions
concerning the technical implementability of the various process options are provided in this
table.

In summary, the following process options were eliminated as part of the screening process for
COC impacted groundwater within the fractured bedrock:

¢ Slurry Wall - A subsurface vertical wall constructed by filling a vertical excavated trench
with a slurry to prevent collapse of the trench walls. The wall is backfilled with low-
permeability material to form a subsurface vertical barrier which is used to contain or divert
lateral groundwater flow. Slurry walls are not technically feasible due to excavation
requirements within the fractured bedrock to the depths required and the potential to
remobilize COCs as a consequence of the blasting requirement.

o Sheet Pile Wall - A subsurface vertical wall constructed by driving vertical sheets of steel
into the ground and joining the sheets together using sealants such as grout or cement. The
wall is used to contain or divert the lateral flow of groundwater. The construction of a sheet
pile wall into bedrock (excavation, or driven) is not considered technically feasible

¢ Grout Curtain - A subsurface vertical wall constructed by injecting a grout mixture into soil
pores under pressure to form a cementious mass. The wall is used to contain or divert the
lateral flow of groundwater. Grout curtains are not technically feasible due to difficuities
associated with forming a continuous grout curtain in fractured bedrock without

remobilizing COCs.

¢ Interceptor Trench - Perforated horizontal pipe installed within a subsurface trench
backfilled with permeable material to collect COC impacted groundwater. Vertical
groundwater collection wells, which intercept the perforated horizontal pipe, extract
groundwater using pumps. Interceptor trenches are not technically feasible due to
excavation requirements within fractured bedrock to the depths required, and the potential

to remobilize COCs as a consequence of the blasting requirement.

e Hydraulic/Pneumatic Fracturing - Techniques used to increase the permeability of silts,
clays and rock by injecting highly pressurized fluid, such as sand/water slurry or air, to
extend existing fractures and to create a secondary network of fissures and channels.
Hydraulic/pneumatic fracturing is not technically feasible due to the potential to remobilize
and/or create additional uncontrolled COC migration pathways in the bedrock.
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Explosive Fracturing - Detonation of explosives in boreholes to create an intensely fractured
area of bedrock, thereby improving the interconnectedness of fractures and the potential
yields of extraction wells. Explosive fracturing is not technically feasible due to the
potential to create additional uncontrolled COC migration pathways and subsequent
remobilization of COCs.

Separation (Suspended Solids Filtration) - Effective method for the removal of suspended
solids and metals to protect downstream treatment processes. Common filters include bag
filters, sand filters and bowl filters. Separation is not an applicable technology for the
treatment of Site COCs.

Separation (Reverse Osmosis) - System uses permeable membranes to remove COCs from
groundwater. A modification of the system forces groundwater through the membrane
under pressure (reverse osmosis). Groundwater must be pre-treated for removal of high
dissolved phase iron concentrations. Reverse osmosis has a higher cost compared to other
ex-situ options, which can provide a similar or greater level of treatment

Aeration - Pre-treatment method for the reduction of certain metal concentrations (e.g. iron)
to protect downstream treatment processes from fouling or scaling. Requires follow-up
clarification and/or filtration which generates sludge. May require collection and treatment
of generated VOC vapors. Aeration is not an applicable technology for the treatment of Site
COCs.

Resin Adsorption - Removes VOCs from a vapor stream by adsorption onto a regenerable
synthetic resin media,. COC concentrations are expected to be too low for cost effective
implementation of this technology.

Precipitation/Coagulation/Flocculation - Use of chemicals to cause groundwater COCs to
precipitate out of solution. Coagulant and flocculant chemicals are used to increase the
precipitate  particle size/mass to ease subsequent separation  processes.
Precipitation/coagulation/flocculation is not readily applicable to Site COCs.

Aerobic Reactor - Microorganisms and oxygen are used to degrade organic COCs in either a
suspended growth or attached growth reactors, which include activated sludge and
sequencing batch reactors. An aerobic reactor is not readily applicable to Site COCs.

Discharge for Beneficial Use (onsite and offsite Use)} - Beneficial re-use of treated

groundwater at the Site or off-Site. No on-Site or off-Site re-use scenarios are apparent.
Discharge to Subsurface (Injection Well) - Discharge of treated groundwater to the

subsurface using injection wells. Injection wells are prone to fouling and plugging by

biomass and/or mineral scale and the process option is difficult to maintain.
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Air Sparging - In-situ air stripping of volatile COCs by injection of compressed air into
groundwater. VOCs which partition into the rising air are collected by a vacuum extraction
system installed in the unsaturated zone. Site conditions preclude the use of this process
option, because injection of air into fractured bedrock may re-mobilize COCs, and complete
collection of off gas may not be possible.

In-Well Air stripping - Use of double-cased well with an upper and lower screen into which
compressed air is injected at depth. The injected air lifts the water in the well and causes it
to flow out the upper screen. Volatile COCs are partially stripped through the air lift
process. Vapors are drawn off by a vacuum extraction system and treated. The discharge of
water from the upper screen and intake of water through the lower screen establishes an in-
situ hydraulic circulation cell through which groundwater is repeatedly circulated and
treated. In-well air stripping is considered to be a pilot-scale technology. There is a lack of
performance data in similar hydrogeologic settings. This process would likely also further
mobilize COCs in the fractured bedrock environment.

Permeable Reactive Barriers - Installation of an engineered, subsurface treatment zone
across the flow path of a dissolved COC plume. As groundwater passes through the zone, it
is treated in-situ by reactive media such as zero-valent iron, or by injection of oxygen,
chemicals, or nutrients. PRBs require injection of chemicals under pressure into bedrock
fractures with the potential to remobilize and/or create additional COC migration pathways.
PRBs are not technically feasible due to excavation requirements within fractured bedrock
to the depths required.

Steam Injection - Steam is forced into the saturated zone to vaporize COCs. Groundwater
vapors {(and COCs) are collected under vacuum, Saturated zone thermal treatment is
considered to be a pilot-scale technology and there is a lack of performance data in similar
hydrogeologic setting. This process would likely also further mobilize COCs in the
fractured bedrock environment.

Six Phase Heating; - Six phase heating uses electrical resistivity heating to raise the
temperature of the saturated zone to a point sufficient to boil groundwater. Groundwater
vapors {and CQOCs) are collected under vacuum. Saturated zone thermal treatment is
considered to be a pilot-scale technology and there is a lack of performance data in similar
hydrogeologic setting,.

Enhanced Biodegradation (EBD) - EBD attempts to accelerate natural biodegradation of
organic COCs to innocuous end products by providing nutrients, electron acceptors and/or

microorganisms. Injection of nutrients, oxygen, and oxygen enriched water may re-mobilize
COCs.
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Further evaluation of the remedial technologies and process options for addressing COC
impacted groundwater within the fractured bedrock that survived the initial screening step is

presented in Section 3.2.1.
3.1.2 ALLUVIUM

The identification and screening of remedial technologies and process options for COC
impacted groundwater within the alluvium are presented in Table 3.2. Table 3.2 lists the
possible GRAs and considers technical implementability for associated remedial technologies
and process options. A description of process options, as well as conclusions concerning the

technical implementability of the various process options are provided in this table.

In summary, the following process options were eliminated as part of the screening process for
COC impacted groundwater within the alluvium:

e Low Permeability Cap - Compacted clay, asphalt, concrete or a geomembrane and geotextiie
materials installed over COC source areas to limit infiltration/recharge. Generally does not
limit leaching of COCs from the smear zone into groundwater. Low permeability capping is
not an applicable technology, because COC impacted soil source area is not identified in the

alluvium.

o Sheet Pile Wall - A subsurface vertical wall constructed by driving vertical sheets of steel
into the ground and joining the sheets together using sealants such as grout or cement. The
wall is used to contain or divert the lateral flow of groundwater. The construction of a sheet
pile wall to depths in excess of 70 feet bgs is not considered technically feasible.

e Horizontal/Angle-Drilled Extraction Wells - Wells drilled horizontally or on an angle offset
from vertical, which are effective at locating well screens where structures and subsurface
features would require the installation of a larger number of vertical-drilled wells to achieve
the same objective. Specific drilling targets (fracture zones) necessitating horizontal/angle-
drilled wells are not apparent. As such, this technology is unlikely to provide an advantage

over conventional vertical-drilled wells.

» Hydraulic/Pneumatic Fracturing - Techniques used to increase the permeability of silts,
clays and rock by injecting highly pressurized fluid, such as sand/water slurry or air, to
create a secondary network of fissures and channels. Specific needs necessitating
hydraulic/pneumatic fracturing are not apparent. As such, this technology is unlikely to

provide an advantage over conventional collection process options.

» Explosive Fracturing - Detonation of explosives in boreholes to create an intensely fractured
area of bedrock, thereby improving the interconnectedness of fractures and the potential

yields of extraction wells. Specific needs necessitating explosive fracturing are not apparent.
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As such, this technology is unlikely to provide an advantage over conventional collection

process options.

Aeration - Pre-treatment method for the reduction of certain metal concentrations (e.g. iron)
to protect downstream treatment processes from fouling or scaling. Requires follow-up
clarification and/or filtration which generates sludge. May require collection and treatment
of generated VOC vapors. Aeration is not an applicable technology for the treatment of Site
COCs.

Precipitation/Coagulation/Flocculation - Use of chemicals to cause groundwater COCs to
precipitate out of solution. Coagulant and flocculant chemicals are used to increase the
precipitate  particle  size/mass to ease subsequent separation processes.
Precipitation/coagulation/flocculation is not readily applicable to Site COCs.

Aerobic Reactor - Microorganisms and oxygen are used to degrade organic COCs in either a
suspended growth or attached growth reactors, which include activated sludge and

sequencing batch reactors. An aerobic reactor is not readily applicable to Site COCs.

Resin Adsorption - Removes VOCs from a vapor stream by adsorption onto a redeemabie
synthetic resin media. COC concentrations are expected to be too low for cost effective

implementation of this technology.

Discharge for Beneficial Re-Use - Beneficial re-use of treated groundwater at the Site or off-

Site. No on-5ite or off-Site re-use scenarios are apparent.

Discharge to Subsurface - Discharge of treated groundwater to the subsurface using
injection wells. Injection wells are prone to fouling and plugging by biomass and/or mineral
scale and the process option is difficult to maintain.

Air Sparging - In-situ air stripping of volatile COCs by injection of compressed air into
groundwater. VOCs which partition into the rising air are collected by a vacuum extraction
system installed in the unsaturated zone. Site conditions preclude the use of this process
option. Interbedded clays, silts and sands, commonly found in alluvial sediments

potentially result in poor air sparge off gas collection.

In-well Air Stripping - Use of double-cased well with an upper and lower screen into which
compressed air is injected at depth. The injected air lifts the water in the well and causes it
to flow out the upper screen. Volatile COCs are partially stripped through the air lift
process. Vapors are drawn off by a vacuum extraction system and treated. The discharge of
water from the upper screen and intake of water through the lower screen establishes an in-
situ hydraulic circulation cell through which groundwater is repeatedly circulated and
treated. In-well air stripping is considered to be a pilot-scale technology. There is a lack of

performance data in similar hydrogeologic setting.
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¢ Steam Injection - Steam is forced into the saturated zone to vaporize COCs. Groundwater
vapors {(and COCs) are collected under vacuum. Saturated zone thermal treatment is
considered to be a pilot-scale technology and there is a lack of performance data in similar
hydrogeologic setting,

e Six-Phase Heating - Six phase heating uses electrical resistivity heating to raise the
temperature of the saturated zone to a point sufficient to boil groundwater. Groundwater
vapors {and COCs) are collected under vacuum. Saturated zone thermal treatment is
considered to be a pilot-scale technology and there is a lack of performance data in similar

hydrogeologic setting.

Further evaluation of the remedial technologies and process options for addressing COC
impacted groundwater within the alluvium that survived the initial screening step is presented
in Section 3.2.2.

3.2 EVALUATION AND SELECTION OF TECHNOLOGIES AND PROCESS
OPTIONS

In this step, the remedial technologies and process options retained from the previous screening
step are evaluated in detail to further focus the development of remedial action alternatives.
This step involves evaluating process options within the same technology type based on the
criteria of effectiveness, implementability, and cost. One representative process is typically
selected for each technology type to simplify the subsequent development and evaluation of
remedial alternatives, without limiting flexibility during remedy selection or remedial design.
For some technology types however, more than one process option may be selected if the
processes are sufficiently different in their performance, such that one would not adequately
represent the other, or if variable site and contaminant characteristics warrant consideration of
multiple process options to address the same medium. The evaluation of process options is
carried out in this step for the COC impacted fractured bedrock and alluvial ground water. The
processes retained from this evaluation are then used to assemble remedial action alternatives
for the fractured bedrock and alluvial portion of the contaminant plume.

In accordance with USEPA guidance (USEPA, 1988a), brief descriptions of effectiveness,
implementability, and relative cost, as they apply to the evaluation process are provided below:

Effectiveness - This criterion focuses on the potential effectiveness of process options in
handling the estimated areas or volumes of media and meeting the RAOs; the potential impacts
to human health and the environment during the construction and implementation phase; and
how proven and reliable the process is with respect to the COCs and conditions at the Site.
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Implementability - This criterion encompasses both the technical and administrative feasibility
of implementing a process. Technical implementability was used in Section 3.1 as an initial
screen of technology types and process options to eliminate those that are clearly ineffective or
impractical at the Site. This subsequent, more detailed evaluation of process options will place
greater emphasis on the institutional aspects of implementability: such as the ability to obtain
permits for offsite actions or fulfill the substantive requirements of ARARs for onsite actions;
the availability of treatment, storage, and disposal services; and availability of equipment and
other resources.

Cost - This criterion plays a limited role in the screening of process options. Relative capital
and operation and maintenance (O&M]) costs will be used rather than detailed estimates. The
cost analysis will be based on engineering judgment and each process will be evaluated as to
whether costs are high, medium, or low relative to other processes in the same technology type.

Consistent with USEPA guidance (USEPA, 1988a), the detailed evaluation that follows is
focused on effectiveness factors, with less effort directed at the implementability and cost

evaluation.

3.2.1 FRACTURED BEDROCK

This section presents the evaluation and selection of technologies and process options for
addressing impacted groundwater within the fractured bedrock. As described above, potential
groundwater remediation technologies and process options for the fractured bedrock, which are
carried forward from the preceding screening step are evaluated in detail with respect to
effectiveness, implementability, and cost. The remedial technologies and process options, which
are retained, because of this more detailed evaluation step will be used to assemble remedial

action alternatives as presented in Section 4.0.

The ensuing discussion is organized according to the following seven GRAs initially identified
in Section 2.3:

s No Action;
¢ Limited Action;
+ Containment;

e Collection;

s Ex-situ treatment;

e Discharge; and

¢ In-situ treatment.
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A summary of the evaluation of remedial technologies and process options for COC impacted
groundwater within the fractured bedrock is presented in Table 3.3.

3.2.1.1 No Action

The GRA termed “No Action” is carried forward for evaluation because it provides a baseline to
which other general response actions and their associated remedial technologies can be
compared. “No Action” entails no activities to contain or remediate COCs at the Site, provides
no treatment for COCs, and provides no legal or administrative protection of human health or
the environment beyond cleanup criteria. “No Action” assumes that physical conditions at the
Site remain unchanged and does not preclude that natural attenuation, including advection,
dilution, and dispersion, will act to reduce the concentration of COCs in groundwater.
However, verification that natural attenuation processes are operating is not possible because
groundwater monitoring is assumed not to take place as part of this GRA.

Effectiveness. “No Action” generally would not achieve the RAOs for the Site. Groundwater
would centinue to exhibit COC concentrations in excess of TCLs, and no institutional controls
would be in-place to limit exposure to contaminated groundwater and restrict future use of
impacted groundwater.

Implementability. There are no implementability limitations associated with the “No Action”
GRA.

Cost. There are no capital costs or O&M costs associated with the “No Action” GRA.

Conclusion. The “No Action” GRA is retained as required by CERCLA and the NCP as a

baseline with which to compare other remedial alternatives.
3.2,1.2 Limited Action

The following Limited Action remedial technologies and process options, which were retained
in the screening step as potentially applicable to COC impacted groundwater within the
fractured bedrock are evaluated in this section:

Remedial Technology Process Option
Institutional Controls Land and Resource Use Restriction
Wellhead Treatment Wellhead Treatment Systems
Long-Term Monitoring Groundwater Monitoring
Fractured Bedrock and Alluvium 3-9 KOMEX
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3.2.1.2.1 Institutional Controls

ICs are non-engineering measures used to manage site risks by limiting potential exposure to
COCs and/or by protecting and ensuring the integrity of the remedy. Examples of ICs cited in
the NCP, include land and resource use restrictions (e.g., water), well-drilling prohibitions,
building permits, well use advisories and deed notices. ICs, such as land use and access
restriction manage human health risk by limiting the potential for exposure from ingestion and
dermal contact with groundwater and inhalation of COCs. ICs could also include health and
safety policies and procedures to limit exposure to groundwater COCs during construction

activities,

Effectiveness. ICs do not meet all the Site RAOs as they do nothing to reduce the mobility,
toxicity, or volume of COCs at the Site, although they are effective for reducing risk to human
health. The effectiveness of ICs depends on the mechanisms used and the durability of the IC.
Land and resource use restrictions are considered effective. No additional risks to human
health and the environment would directly result from the imposition of ICs.

Implementability. ICs could be implemented as a stand-alone remedy or in combination with
other alternatives. ICs that are developed as part of an alternative may require administrative
activity and legal action on the part of the Property owner, the State and/or local authorities.

Cost. Capital and O&M costs for institutional controls are considered low compared to other

Limited Action process options.

Conclusion. Although ICs acting alone do not adequately address the groundwater RAOs for
the Site, they are effective for reducing risk to human health. This option is therefore retained
because it can be an important component of several remedial alternatives since groundwater
COCs are expected to persist at levels above TCL concentrations for a number of years, even

under active remediation scenarios.

3.2.1.22 Wellhead Treatment Systems

This option involves the installation of wellhead treatment systems at any existing potable
water supply well in the event that one becomes impacted by COCs, or new potable water

supply wells are installed where extracted groundwater could be reasonably expected to have
COC concentrations greater than TCLs. The treatment system is termed “wellhead” because it
is installed at the wellhead of the water supply well. Air strippers and carbon adsorption units,
either alone or in series, are the most common types of wellhead treatment systems for VOCs
and SVOCs.
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Effectiveness. Welthead treatment is an effective method to reduce risks to human health
through exposure to impacted groundwater. Typically, drinking water supply wells are not
used to extract groundwater for the purpose of containing or remediating a COC groundwater
plume, although, gradually over time, TCLs may be achieved in the extraction well
groundwater capture zone. This option on its own is not designed to achieve the RAOs for Site
groundwater in the fractured bedrock.

Implementability. Wellhead treatment is readily implemented using conventional,
commercially available equipment.

Cost. The capital and O&M costs for wellhead treatment are considered moderate compared to
other Limited Action technologies, although this depends on the number of wellhead treatment
systems required and the duration of operation.

Conclusion. Although wellhead treatment acting alone does not adequately address the Site
RAQs, it does reduce risk to human health. This option is retained since groundwater COCs are
expected to persist at levels above TCL concentrations for a number of years, even under active
remediation scenarios, and this option could be an important component of several remedial

alternatives.

3.2.1.23 Groundwater Monitoring

Groundwater monitoring, which would involve the periodic collection of groundwater samples
for laboratory analysis, can be used to evaluate changes in groundwater quality conditions
resulting from leaching and migration. Monitoring can also be used to assess the effectiveness

of groundwater remediation measures.

Effectiveness. Groundwater monitoring is not effective for reducing risk to human health and is
not effective in attaining RAOs for groundwater. However, this option is an effective tool for
assessing the migration and concentrations of COCs in groundwater.

Implementability. A long-term groundwater monitoring program could be readily

implemented using conventional techniques and the monitoring and sampling procedures
currently used at the Site.

Cost. The capital and O&M costs for long-term groundwater monitoring are considered to be
low and moderate, respectively, compared to other Limited Action technologies.

Conclusion. Although groundwater monitoring does not address RAQs for the Site, this option

could be used to assess the migration of COCs in groundwater and as a measure of the
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effectiveness of other components of a remedial alternative, particularly as part of annual and
five-year Site reviews. Therefore, it is retained for possible use as part of a remedial action

alternative.

3.2.1.3 Containment

Containment technologies refer to methods, which are intended fo limit/prevent the
mobilization and migration of COCs, as well as measures which limit/prevent direct human
and ecological contact with COCs. Containment may not remove COCs, reduce their
concentrations, or actively alter their chemical state. Containment measures for impacted
groundwater typically include low-permeability capping, hydraulic gradient controls and
vertical barriers. COC removal (as a consequence of a gradient control system) may gradually

achieve TCLs within the contained area.

Low-permeability capping was retained in the screening step as potentially applicable to the
portion of the Site underlain by fractured bedrock. Low-permeability capping is a groundwater
containment technology intended to form a horizontal infiltration/recharge barrier, which also
limits leaching and migration of COCs from soil into groundwater. Typically, when used alone,
low-permeability caps only reduce leaching of COCs from vadose zone soils (i.e., by
reducing/eliminating infiltration). COCs located at/or below the water table (i.e., smear zone),
would continue to leach to groundwater. Caps are often utilized in conjunction with vertical
barriers to improve contaminant isolation or recovery techniques. When combined with a
vertical barrier and groundwater extraction, low-permeability caps may assist in the

reduction/elimination of leaching of COCs in groundwater from the smear zone.

The following low-permeability capping process options for COC impacted groundwater

within the fractured bedrock were retained in the screening step:

Remedial Technology Process Option
Clay/Soil Cap
Asphalt C
Low Permeability Capping phe--
Concrete
Geosynthetic/Multimedia

The clay/soil cap process option has been selected to represent the low-permeability capping
technology because it is considered equally effective when compared to the other process
options, and its costs are lower. The clay/soil capping process option is evaluated below.
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3.2.1.3.1 Clay/Soil Cap

This option would involve the placement of a clay layer over COC impacted soils to limit the
infiltration of precipitation and associated leaching of residual soil COCs into groundwater. In
general, this and other low-permeability caps only reduce leaching of COCs from vadose zone
soils, COCs atfor below the water table (i.e, smear zone) would continue to leach to
groundwater. The clay cap would be covered with topsoil and vegetation to protect the clay
from weathering and erosion.

Effectiveness. The locations of residual COCs have been tentatively identified based upon
groundwater sampling. Residual COCs may be located at depth and in isolated zones,
separated by areas without residual COCs. The clay/soil cap will thetefore have limited
effectiveness if the locations of the residual COCs aren’t covered. The clay/soil cap is only
effective for COCs in the vadose zone. Capping will not reduce residual soil or groundwater
COC concentrations. In addition, the long-term effectiveness of a clay/soil cap may be reduced
by weather-related and biota-related deterioration, and hence would require routine inspection
and maintenance. This process option does not achieve Site RAOs, and in order to be effective,

must be combined with other containment remedial technologies.

Implementability. The construction of a clay/soil cap is considered to be readily implementable.
However, the implementation and future enforcement of ICs, which would be required in
conjunction with this option to prevent human excavation or penetration of the cap, is
potentially more problematic.

Cost. The capital and O&M costs for a clay/soil cap are considered moderate compared to the

other low-permeability capping options previously screened and eliminated.

Conclusion. Although a clay/soil cap would limit the infiltration of precipitation and associated
leaching of residual soil COCs into groundwater without a vertical barrier (which was
eliminated in the initial screening step due to technical feasibility), COCs at or below the water
table would continue to leach to groundwater, Therefore, the clay/soil cap process option and
containment as a GRA has been eliminated from further consideration due to limited

effectiveness.

3.2.1.4 Collection

Groundwater collection refers to technologies that are used to collect, withdraw, or extract COC
impacted groundwater by passive or active means. Collection physicaily removes COC
impacted groundwater from the subsurface and is typically coupled with ex-situ treatment
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processes to remave the COCs from the groundwater before it is discharged to either a surface
water, groundwater, or is reused. A combination of collection, ex-situ treatment and discharge,
also described as pump and treat, is used to provide hydraulic containment and to reduce
groundwater COCs. Ex-situ treatment technologies for groundwater are evaluated in Section

3.2.1.5, and discharge options are evaluated in Section 3.2,1.6.

Most of the collection process options considered for COC impacted groundwater within the
fractured bedrock were screened out due to technical implementability concerns. The following
groundwater collection process options were retained in the screening step for COC impacted
groundwater within the fractured bedrock:

Remedial Technology Process Option
Vertical-Drilled Extraction Wells
Horizontal/Angled-Drilled Wells
Dual-Phase Extraction Dual-Phase Extraction

Extraction (Groundwater Pumping)

Given the complex nature of the discrete fracturing of the bedrock, and the importance of
vertical fractures in controlling and dominating groundwater flow and COC transport within
bedrock, angled-drilled extraction wells are judged to have an advantage over vertical wells in
terms of the likelihood of intersecting target vertical fracture zones and as such, have been
selected to represent the groundwater collection technology. Dual-phase extraction was not
considered to best represent groundwater collection as it is typically more expensive than
groundwater pumping and is not considered to offer a higher level of treatment. The angled-

drilled extraction well process option is evaluated below.
3.2.1.4.1 Angle-Drilled Extraction Wells

An angle-drilled extraction well system consists of a series of wells, which are installed at an
angle other than 90 degrees to the ground surface, and equipped with pumps (typically
submersible) to capture impacted groundwater. Angle-drilled extraction wells, when compared
to other groundwater collection options (such as vertical wells) are typically more expensive to
implement, as they require specialized drilling equipment for installation. At this Site, angle-
drilled wells offer a higher probability of success in intercepting target vertical fracture zones
when compared to more conventional vertical-drilled wells.

Effectiveness. Given that groundwater migrates through fractures and bedding planes in the
bedrock and the distribution of COC in groundwater is controlled by the presence of mainly
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vertical fractures (Komex, 2005d), the effectiveness of this remedial technology will depend
upon the technology’s ability to extract COC impacted groundwater, which in turn relates to
the identification of major vertical fractures and the predictability of the exact location of these

fractures,

During characterization, attempts were made to identify the individual major vertical fractures
responsible for COC migration. Well MW-12 was successful in intersecting such a fracture.
COC concentrations above the laboratory RL were measured in samples from well MW-12.
However, well MW-13, completed in what appeared to be a similar, parallel vertical fracture
approximately 35 feet to the east of well MW-12, yielded no COC concentrations above their
respective RLs. Similarly, samples collected from wells installed down-gradient in the fractured
bedrock, in the presumed direction of COC transport, did not contain measurable COC
concentrations above the RLs. If all the fractures, which are actually transporting COCs off-
Property, cannot be identified or located exactly, then the effectiveness of the process option to
collect COC impacted groundwater from the fractured bedrock is considered negligible.
Furthermore, due to the complex fracture network configuration and the difficulty in detecting
which fractures actually contain COCs and which do not, active pumping of groundwater via
angled-drilled wells also has the significant risk of redistributing COCs within unimpacted
fractures and causing further spreading of the plume.

Angle-drilled extraction wells are not effective for reducing risk to human health as they do not
restrict use of the groundwater and therefore, on their own do not achieve all the Site RAOs. In
addition, during implementation, workers may be exposed to extracted COC impacted

groundwater or soils.

Implementability. An angle-drilled extraction well system is considered difficult to implement
at the Site as it requires specialized drilling equipment and techniques. To ensure intersection
of identified target fracture zones, it is foreseeable that a large number of wells would be
required. Uncertainties regarding the location of all the fractures actually transporting COCs
offsite potentially further increase the number of required wells. The implementation of a large

bedrock drilling program using angle-drilled wells, targeting an uncertain number of fracture
zones, in uncertain locations, is considered difficult and practically infeasible.

Cost. The capital and O&M costs for angle-drilled extraction wells are considered high and
moderate, respectively, when compared to other groundwater collection technologies screened
out earlier.
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Conclusion. Angle-drilled extraction wells in fractured bedrock have limited effectiveness and
may cause the spread of contamination, are considered very difficult to implement and are
likely to be very costly, requiring specialized equipment. This process option, based on
effectiveness and implementability, is eliminated as a potential component of remedial action
alternatives that are focused on COC impacted groundwater within the fractured bedrock.

3.21.5 Ex-Sitv Treatment

The general response action for groundwater termed “ex-situ treatment” refers to technologies
and associated process options used to treat contaminated groundwater after it has been
withdrawn from the subsurface. Treatment of contaminated groundwater in-place is termed
“in-situ treatment” and is evaluated in Section 3.2.1.7. A key advantage of ex-situ treatment
over in-situ treatment is that there is more certainty about the uniformity, delivery and
effectiveness of treatment because there is an ability to directly monitor and control the
treatment process. Ex-situ treatment, however, typically requires pumping, treatment, and
subsequent discharge of groundwater, which leads to increased costs and engineering
requirements for equipment, permitting (or compliance with substantive ARAR requirements
[Appendix B]), residuals treatment, and handling/disposal requirements (FRTR, 1997).

The following groundwater collection process options were retained in the screening step for
COC impacted groundwater within the fractured bedrock:

Remedial Technology Process Option
Aeration
Physical Treatment Air Stripping
Carbon Adsorption

Chemical Oxidation
Chemical Treatment

Advanced Oxidation

Given that groundwater collection process options were eliminated in Section 3.2.1.4, and given
that the application of ex-situ treatment process options are dependent upon groundwater
collection processes, the consideration of ex-situ treatment for COC impacted groundwater
within the fractured bedrock is no longer applicable.
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3.2.1.6 Discharge

Groundwater discharge refers to technologies for the ultimate disposition of groundwater
following collection and ex-situ treatment. The following groundwater discharge process
options were retained in the screening step for COC impacted groundwater within the
fractured bedrock:

Remedial Technology Process Option

Direct Discharge

Surface Discharge
Indirect Discharge

Similar to ex-situ treatment process options, the retained discharge process options are no
longer applicable to COC impacted groundwater within the fractured bedrock given their
dependence on groundwater collection and ex-situ process options, which were eliminated in
Sections 3.2,1.4 and 3.2.1.5.

3.2.1.7 In-Sitv Treatment

The general response action termed “In-situ Treatment” refers to technologies and associated
process options, which are used to treat contaminated groundwater in place without pumping
to a surface treatment system. Ex-situ treatment options, which refer to treatment of
groundwater following withdrawal from the subsurface, were evaluated in Section 3.2.1.5. The
main advantages of in-situ treatment over ex-situ treatment are the elimination of groundwater
extraction and the subsequent need for discharge, the attendant costs, treatment residuals
handling/disposal, safety, and permitting/ARAR compliance issues. Disadvantages of in-situ
treatment compared to an ex-situ treatment system include, uncertainties regarding treatment
uniformity, delivery and effectiveness due to an inability to directly monitor and control the
treatment process (FRTR, 1997).

In-situ process options, with the exception of monitored natural attenuation (MNA), were
eliminated in the screening step for COC impacted groundwater within the fractured bedrock
due to several treatment limitations (i.e.,, limited accessibility to COCs, hydraulic conductivity
variability, and reduced ability to contact dispersed COCs) posed by the fractured bedrock
environment at the Site, and concerns regarding the potential to redistribute COCs within
unimpacted fractures and cause further spreading of the plume. The evaluation of MNA is

discussed below.
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3.2.1.7.1 Monitored Natural Altenuation

The USEPA guidance document “Use of Monitored Natural Attenuation at Superfund, RCRA
Corrective Action, And Underground Storage Tank Sites” (Office of Solid Waste and
Emergency Response Programs [OSWER] Directive 9200.4-17) (USEPA, 1997) clarifies the
USEPA’s policy regarding the use of MNA at fractured bedrock sites. The OSWER directive

states the following:

“In some complex yeological systems, technological limitations may preclude adequate monitoring of a
natural attenuation remedy to ensure with a high degree of certainty that potential receptors will not be
impacted. This situation typically occurs in many karstic, structured, andfor fractured rock aguifers,
where groundwater moves preferentially Hirough discrete channels. The direction of groundwater flow
through such heterogeneous (and often anisotropic) materials cannot be predicted directly from the
hydraulic gradient, and existing techniques may not be capable of identifying the channels that carry
contaminated groundwater through the subsurface. Monitored natural attenuntion will not generally be
approprinte where site complexities preclude adequate monitoring.”

Given USEPA policy regarding the use of MNA at fractured bedrock sites, MNA as a process
option applicable to COC impacted groundwater within the fractured bedrock was eliminated
based on the technical infeasibility to monitor natural attenuation processes with a high degree
of certainty.

3.2.1.8 Summary of Selected Technologies and Process Options

On the basis of screening and evaluation of technologies and process options discussed herein

and summarized in Table 3.3, remedial action alternatives for COC impacted groundwater
within the fractured bedrock will be assembled from the following:

General Response Action Remedial Technology Process Option
No Action Not Applicable Not Applicable
Institutional Controls Land and R.es?u ree Use
Restrictions
Limited Action Wellhead Treatment Wellhead Treatment Systems
Long-Term Monitoring Groundwater Monitoring

Active remedial technologies, such as in-situ or ex-situ treatment, were eliminated as part of the
screening and detailed evaluation steps. The implementation of the retained process options

either on their own or in combination, as remedial action responses, will not meet all the Site
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RAOs. The retained process options will not manage the migration of COCs in groundwater;
however, the implementation of ICs and wellhead treatment will reduce risks to human health
by preventing use of the aquifer beneath the Site as a source of drinking water and preventing

exposure to impacted groundwater,

3.2.2 ALLUVIUM

This section presents the evaluation and selection of technologies and process options for
addressing impacted groundwater within the alluvium. As described in previous sections,
potential groundwater remediation technologies and process options for the alluvium, which
are carried forward from the preceding screening step are evaluated in detail with respect to
effectiveness, implementability, and cost. The remedial technologies and process options, which
are retained, because of this more detailed evaluation step will be used to assemble remedial

action alternatives as presented in Section 4.0.

The ensuing discussion is organized according to the following seven GRAs initially identified
in Section 2.3:

e No Action;

¢ Limited Action;

e Containment;

e Collection;

o Ex-situ treatment;
» Discharge; and

* In-situ treatment.

A summary of the evaluation of remedial technologies and process options for COC impacted

groundwater within the alluvium is presented in Table 3.4.

3.2.2.1 No Action

The GRA termed “No Action” is carried forward for evaluation because it provides a baseline to
which other general response actions and their associated remedial technologies can be
compared. “No Action” entails no activities to contain or remediate COCs within the alluvium
at the Site, provides no treatment for COCs, and provides no legal or administrative protection
of human health or the environment beyond cleanup criteria. “No Action” assumes that
physical conditions at the Site remain unchanged and does not preclude that natural

attenuation, including advection, dilution, and dispersion, will act to reduce the concentration
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of COCs in groundwater. However, verification that natural attenuation processes are
operating is not possible because groundwater monitoring is assumed not to take place as part
of this GRA.

Effectiveness. “No Action” generally would not achieve the RAQs for the Site. Groundwater
would continue to exhibit COC concentrations in excess of TCLs, and no institutional controls
would be in-place to limit exposure to contaminated groundwater and restrict future use of

impacted groundwater.

Implementability. There are no implementability limitations associated with the “No Action”
GRA.

Cost. There are no capital costs or O&M costs associated with the “No Action” GRA.

Conclusion. The “No Action” GRA is retained as required by CERCLA and the NCP as a

baseline with which to compare other remedial alternatives.

3.222 Limited Action

The following Limited Action remedial technologies and process options, which were retained
in the screening step as potentially applicable to COC impacted groundwater within the

alluvium are evaluated in this section:

Remedial Technology Process Option
Institutional Controls Land and Resource Use Restriction
Wellhead Treatment Wellhead Treatment Systems

Long-Term Monitoring Groundwater Monitoring

3.2.2.2.1 Institutional Controls {ICs)

ICs are non-engineering measures used to manage site risks by limiting potential exposure to
COCs and/or by protecting and ensuring the integrity of the remedy. Examples of ICs cited in
the NCP, include land and resource use restrictions (e.g., water), well-drilling prohibitions,
building permits, well use advisories and deed notices. ICs, such as land use and access
restriction manage human health risk by limiting the potential for exposure from ingestion and
dermal contact with groundwater and inhalation of VOCs. ICs could also include health and
safety policies and procedures to limit exposure to groundwater COCs during construction

activities.
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Effectiveness. ICs do not meet all the Site RAOs as they do nothing to reduce the mobility,
toxicity, or volume of COCs at the Site, although they are effective for reducing risk to human
health. The effectiveness of ICs depends on the mechanisms used and the durability of the IC.
Land and resource use restrictions are considered effective. No additional risks to human

health and the environment would directly result from the imposition of ICs.

Implementability. ICs could be implemented as a stand-alone remedy or in combination with
other altematives. ICs that are developed as part of an alternative may require administrative
activity and legal action on the part of the Property owner, the State and/or local authorities.

Cost. Capital and O&M costs for institutional controls are considered low compared to other
Limited Action process options.

Conclusion. Although ICs acting alone do not adequately address the groundwater RAQOs for
the Site, they are effective for reducing risk to human health. This option is therefore retained
because it can be an important component of several remedial alternatives since groundwater
COCs are expected to persist at levels above TCL concentrations for a number of years, even

under active remediation scenarios.

3.2222 Wellhead Treatment Systems

This option involves the installation of wellhead treatment systems at any existing potable
water supply well in the event that one becomes impacted by COCs, or new potable water
supply wells are installed where extracted groundwater could be reasonably expected to have
COC concentrations greater than TCLs. The treatment system is termed “wellhead” because it
is installed at the wellhead of the water supply well. Air strippers and carbon adsorption units,
either alone or in series, are the most common types of wellhead treatment systems for VOCs

and SVQOCs.

Effectiveness. Wellhead treatment is an effective method to reduce risks to human health
through exposure to impacted groundwater. Typically, drinking water supply wells are not
used to extract groundwater for the purpose of containing or remediating a COC groundwater
plume, although, gradually over time, TCLs may be achieved in the extraction wells
groundwater capture zone. This option on its own is not designed to achieve the RAOs for Site

groundwater in the alluvium.

Implementability. Wellhead treatment is readily implemented using conventional,

commercially available equipment.
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Cost. The capital and O&M costs for wellhead treatment are considered moderate, although
this depends on the number of wellhead treatment systems required and the duration of

operation,

Conclusion. Although wellhead treatment acting alone does not adequately address the Site
RAQs, it does reduce risk to human health, This option is retained since groundwater COCs are
expected to persist at levels above TCL concentrations for a number of years, even under active
remediation scenarios, and this option could be an important component of several remedial

alternatives.
32223 Groundwater Monitoring

Groundwater monitoring, which would involve the periodic collection of groundwater and
samples for laboratory analysis, can be used to evaluate changes in groundwater quality
conditions resulting from leaching and migration. Monitoring can also be used to assess the

effectiveness of groundwater remediation measures.

Effectiveness. Groundwater monitoring is not effective for reducing risk to human health and is
not effective in attaining RAOs for groundwater. However, this option is an effective tool for

assessing the migration and concentrations of COCs in groundwater.

Implementability. A long-term groundwater monitoring program could be readily
implemented using conventional techniques and procedures previously used at the Site.

Cost. The capital and O&M costs for long-term groundwater monitoring are considered to be
low and moderate, respectively, compared to other Limited Action technologies.

Conclusion, Although groundwater monitoring alone does not address RAOs for the Site, this
option could be used to assess the migration of COCs in groundwater and as a measure of the
effectiveness of other components of a remedial alternative, particularly as part of annual and
five-year Site reviews. Therefore, it is retained for possible use as part of a remedial action

alternative.

3.223 Containment

Vertical barriers applied to the portion of the Site underlain by alluvium were retained for
further evaluation. Vertical barriers are used to contain COC impacted groundwater, divert
COC impacted groundwater from a drinking water intake, divert groundwater flow, and/or
provide a barrier for a groundwater treatment system. These subsurface barriers can consist of

either a vertically excavated trench filled with a slurry, or a series of closely spaced wells
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injected with grout to form a continuous vertical grout curtain. However, uncertainties exist
regarding the formation of a continuous vertical grout curtain in a stratified geological deposit,
such as the alluvium, A trench-constructed barrier would provide a higher level of containment

compared to grout injection wells and as such, better represents the vertical containment GRA.

The following vertical containment process option for alluvial groundwater retained in the

screening step, is evaluated in this section:

Remedial Technology Process Option

Vertical Barrier Slurry Walls

3.2.2.3.1 Slurry Walls

Slurry walls are a full-scale technology that has been used for decades as long-term solutions to
control seepage. They are often used in conjunction with low-permeability capping. Typically,
slurry walls are used where the waste mass is too large for treatment and where soluble and
mobile constituents pose an imminent threat to a source of drinking water. Slurry walls are
typically installed to depths of up to 100 feet bgs and are generally 2 to 4 feet in thickness. The
deeper installation depths are implementable using a clamshell bucket excavator, but the cost
per unit area of wall increases by an approximate factor of three. Most slurry walls are
constructed of a mixture consisting of soil, Bentonite, and water. The Bentonite slurry is used
primarily for wall stabilization during trench excavation. A soil-Bentonite backfill material is
then placed into the trench (displacing the slurry) to create the cutoff wall, The most effective
application of the slurry wall is to base (or key) the slurry wall approximately 2 to 3 feet into a

low permeability layer, such as a clay.

Eftectiveness. The slurry wall process option has a demonstrated effectiveness in containing
groundwater; however, in COC impacted groundwater applications, specific contaminant types
may degrade the slurry wall components and reduce the long-term effectiveness. The
installation of a slurry wall requires considerable intrusive action. Large volumes of COC
impacted waste will be generated and heavy construction equipment will be used. The
installation of the slurry wall poses risks to human health such as exposure to COC impacted
soil and groundwater, and risks associated with working with heavy construction equipment.
This process option does not restrict the use of the aquifer for drinking water and does not
achieve the Site RAOs. Since the source location of discharge of COCs to the alluvium

groundwater at depth from the bedrock is unknown, this process option is not considered

effective,
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Implementability. A clay layer exists beneath the wetland at a depth of approximately 100 feet
bgs. To key the slurry wall into the underlying clay will require deep excavation and
specialized heavy construction equipment. Large volumes of material will need to be
transported to and from the Site to complete the installation, and the construction of temporary
haul roads across the wetland are foreseeable. In addition to difficulties associated with the
slurry wall installation, the implementation and future enforcement of ICs, which would be
required in conjunction with this option to prevent human excavation of the barrier, is
potentially problematic. In addition, the installation of a slurry wall in the wetlands area will
have to comply with location-specific ARARs such as, the Protection of Wetland (Executive
Order 11990) (Appendix B, Table B-2). Since the soutce location of discharge of COCs to the
alluvium groundwater at depth from the bedrock is unknown, this process option is not

considered implementable.

Cost. The capital and O&M costs for a slurry wall are considered high and moderate compared
to the other containment GRA previously screened and eliminated.

Conclusion. A slurry wall does not meet all of the Site RAOs and poses additional human
health risks because of its installation. Since the source location of discharge of COCs to the
alluvium groundwater at depth from the bedrock is unknown, this process option is not
congidered effective or implementable. The construction of a deep slurry wall in the wetland
area is considered difficult and costly. Therefore, the slurry wall process option has been
eliminated from further consideration due to possible reduced long-term effectiveness,
increased short term health risks, the difficulties foreseen for implementation, and the high cost.

3.2.24 Collection

The following groundwater collection process options were retained in the screening step for
COC impacted groundwater within the alluvium:

Remedial Technology Process Option

Vertical-Drilled Extraction Wells

Extraction {Groundwater Pumping)
Interceptor Trenches

3.2.24.1 Verfical-Drilled Exiraction Wells

A vertical-drilled extraction well system consists of a series of wells, which are installed
perpendicular to ground surface, and equipped with pumps (typically submersible) to capture

impacted groundwater.
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Effectiveness. The effectiveness of vertical-drilled extraction wells to extract groundwater is
controlled primarily by the permeability of the aquifer. The effectiveness of groundwater
extraction is limited in aquifers with low hydraulic conductivity that require a large number of
wells to achieve capture of a COC plume. Vertical-drilied wells do not reduce human health
risks, as they do not restrict use of the groundwater, therefore, vertical-drilled wells do not, on
their own, achieve all the Site RAOs. In addition, the installation of vertical-drilled extraction

wells potentially exposes workers to COC impacted soils and groundwater.

Implementability. A vertical-drilled extraction well system is considered moderate to difficult
to implement for the alluvium at the Site. Despite the fact that wells can be drilled using
standard readily available drilling equipment and techniques, implementation requires

movement of heavy equipment over the wetland (unstable ground conditions).

Cost. The capital and O&M costs for vertical-drilled extraction wells are considered moderate

compared to other groundwater collection technologies.

Conclusion. Vertical-drilled extraction wells are considered potentially effective and are
moderately difficult to implement using standard drilling equipment and considering the
limitations of access and disruption/damage to the wetlands. This process option does not
achieve Site RAOs but is retained as a potential component of remedial action alternatives

focused on COC impacted alluvial groundwater.

32242 Interceptor Trenches

Interceptor trenches are commonly applied in situations where shallow groundwater is to be
extracted. An interceptor trench is a linear vertical excavation backfilled with permeable
material and equipped with collection pipes and pumps. The interceptor trench captures
impacted groundwater by collecting groundwater in perforated horizontal pipes installed at the
base of the trench, which then connect to vertical pipes equipped with groundwater extraction

pumps (typically submersible).

Effectiveness. The effectiveness of the interceptor trench is governed by the permeability of the
backfill material and, in particular, the permeability of the perforated horizontal collection pipe.
Biological activity and sedimentation around the pipe can lead to clogging of pipe perforations
and reduction in groundwater collection efficiency. Unlike vertical-drilled extraction wells,
rehabilitation measures (application of biocides and flushing (well development) are difficult to

implement and unlikely to be successful in improving long term effectiveness.
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An interceptor trench does not reduce human health risks, as it does not restrict use of the
groundwater, therefore, an interceptor trench does not, on its own, achieve all the Site RAOs. In
addition, the installation of an interceptor trench requires considerable intrusive action. Large
volumes of COC impacted waste will be generated and heavy construction equipment will be
used. The installation of an interceptor trench poses additional risks to human health such as
exposure to COC impacted soil and groundwater, and risks associated with working with
heavy construction equipment.

Implementability. The thickness and depth of COC impacted alluvium will reduce the
implementability of this process option at the Site. Groundwater modeling (Komex 2005e)
indicates that bedrock fractures potentially discharge dissolved-phase COCs at depths possibly
in excess of 70 feet bgs. Installation of interceptor trenches to these depths requires either stable
ground conditions or trench supports. Ground conditions in the wetland area (clays and silts)
are likely to be unstable and an unsupported trench excavated to depths greater than 70 feet is
likely to collapse. The use of biopolymer-enriched water to support the trench sides requires
specialized excavation techniques and equipment, such as a clamshell excavator. The operation
of heavy construction equipment on the wetland, such as the clamshell excavator and support
equipment including pump trucks, water trucks, etc., is likely to be problematic.

An interceptor trench excavated to 70 feet bgs cannot be implemented using readily available
equipment and will require specialized equipment and excavation techniques. In addition, the
implementation of an excavation activity in the wetlands area will have to comply with
location-specific ARARs such as, the Protection of Wetland (Executive Order 11990)
(Appendix B, Table B-2).  Since the source location of discharge of COCs to the alluvium

groundwater at depth from the bedrock is unknown, and for other reasons noted above, this
process option is not considered implementable.

Cost. The capital and O&M costs for a deep interceptor trench are considered high and
moderate, respectively, compared to other groundwater collection technologies.

Conclusion. Deep interceptor trenches are considered potentially ineffective over a long period,
are difficult to implement requiring specialized equipment and excavation techniques, are
limited due to uncertainty regarding source location, will be restricted by the limitations of
access and disruption/damage to the wetlands and are likely to be costly compared to other
collection technologies. This process option is therefore eliminated as a potential component of
remedial action alternatives focused on COC impacted alluvium groundwater.
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3.2.2.5 Ex-Situ Treatment

The following groundwater ex-situ treatment process options were retained in the screening

step for COC impacted groundwater within the atluvium:

Remedial Technology Process Option

Air Stripping

Physical Treatment Carbon Adsorption

Vapor Phase Carbon Adsorption

Chemical Oxidation

Chemical Treatment

Advanced Oxidation

3.2.25.1 Air Stripping

Air stripping is a process in which VOCs are transferred from the aqueous phase to the vapor
phase by contacting the contaminated water with air; typically in a countercurrent manner to
increase the mass transfer surface area. Air stripping is typically accomplished using packed
towers or bubble-tray aerators, although aspirators, diffusers, and spray aeration can also be
used. Air stripping generates VOC vapor emissions, which may require treatment controls

depending on their concentrations.

Effectiveness. Air stripping is a well-developed, widely used process for removal of many

dissolved halogenated and non-halogenated VOCs, including those present in Site

groundwater. Air stripping is considered by USEPA to be a “presumptive technology” for ex-
situ treatment of dissolved VOCs under the Superfund Accelerated Clean-up Model; however,
given relatively low concentrations of COCs in the alluvium (less than 15 ug/L}, air stripping
may not be the most effective process option. Air stripping also generates VOC-laden air
emissions, which may require further treatment (see Vapor Phase Carbon Adsorption

evaluation in this section).

Implementability. Air stripping is readily implementable for the treatment of Site groundwater
using commercially available equipment and conventional installation methods. The
construction of a treatment system in the wetlands area will have to comply with location
specific ARARs such as the Protection of Wetland (Executive Order 11990) (Appendix B
Table B-2).
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Cost. The capital and O&M costs for air stripping, including pre-treatment (filtration, etc.) and
post-treatment (vapor treatment), are high when compared to other ex-situ groundwater

treatment process options.

Conclusion. Although air stripping is a potentially effective process for treatment of VOCs in
Site groundwater, it has been eliminated from further consideration because other more
effective and potentially less expensive options are available that provide a similar ot higher

level of treatment,
3.225.2 Carbon Adsorption

This process involves the removal of dissolved organic COCs from groundwater by adsorption
onto granular activated carbon. Contaminated groundwater is typically pumped through a
vessel containing the carbon. COCs are not destroyed by this process, but are physically
separated and transferred to the carbon. Granular activated carbon is an excellent sorbent due
to its large surface area, which generally ranges from 500 to 2,000 square meters per gram
(m?/g). Carbon adsorption can be used as a primary treatment process for VOC removal, or as a
“polishing” treatment step following a primary treatment process (e.g., air stripping). The
tendency for adsorption onto carbon is dependant upon a number of physical factors including
the type of COC. After exhaustion, spent carbon from groundwater treatment is typically
thermally reactivated or incinerated offsite.

Effectiveness. Carbon adsorption is a well developed, widely used process for removal of most
dissolved VOCs including those present in the Site groundwater. Carbon adsorption is
considered by USEPA to be a “presumptive technology” for ex-situ treatment of dissolved
organic VOCs under the Superfund Accelerated Clean-up Model. The presence of other
chemicals in groundwater, such as iron, can adversely impact process performance.

Implementability. Carbon adsorption could be readily implemented for the treatment of Site
groundwater using commercially available equipment and conventional installation methods.
Pilot testing is warranted to evaluate removal efficiencies and other design information.
Planning for the reactivation or disposal of spent carbon must be considered as part of

implementation. Offsite reactivation and/or disposal may require handling the spent carbon as

a hazardous waste. The construction of a treatment system in the wetlands area will have to
comply with location specific ARARs such as the Protection of Wetland (Executive Order 11990)
(Appendix B Table B-2).

Cost. Capital costs for carbon adsorption are moderate, and O&M costs are low to moderate
depending on the frequency of carbon bed change outs. These factors are in turn dependent on
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whether the carbon is used for primary (moderate O&M cost) or secondary/polishing (low
Q&M costs) treatment.

Conclusion. Carbon adsorption is an effective, readily implemented process for VOC treatment,
and it is therefore retained as a potential component of groundwater treatment alternatives

within the alluvium,

3.2.2.5.3 Chemical Oxidation

This process involves the addition of chemical oxidizing agents to a waste stream to convert
organic COCs, including VOCs and SVOCs into innocuous end products such as carbon
dioxide, water, and chloride ions (in the case of chlorinated organic compounds). Chemical
oxidation can also be used to precipitate certain metals, such as iron. Commonly used oxidizing
agents include ozone, hydrogen peroxide, sodium hypochlorite, and potassium permanganate.
Ozone and hydrogen peroxide are typically preferred for organics destruction in groundwater
because chlorine-based oxidants can produce hazardous by-products, such as trihalomethanes
and hydrogen chloride gas, and tend to produce residual chlorine concentrations.

Effectiveness. Chemical oxidation is a potentially effective method for both the destruction of
dissolved organic COCs and the precipitation of iron, which is present in Site groundwater.
Chemical oxidation is considered by USEPA to be a “presumptive technology” for ex-situ
treatment of dissolved organic COCs under the Superfund Accelerated Clean-up Model. This

process is not in common use for groundwater treatment applications.

Implementability. Chemical oxidation is readily implemented for the treatment of Site
groundwater using commercially available equipment and conventional installation methods.
Treatability and/or pilot testing are warranted to finalize design considerations, including an
evaluation to determine the type of oxidizing agent most effective for impacted groundwater at
the Site. This process would likely generate sludge from the precipitation of iron and
manganese. Sludge may be hazardous and require appropriate treatment/disposal at an offsite
RCRA-permitted facility. The construction of a treatment system in the wetlands area will have
to comply with location specific ARARs such as the Protection of Wetland (Executive Order

11990) (Appendix B Table B-2).

Cost. The capital cost for chemical oxidation is considered moderate, and O&M costs are
considered moderate to high as a result of the likely need to process and dispose of sludge

generated from the precipitation of iron.
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Conclusion. Although chemical oxidation is a potentially effective process for the treatment of
COCs in Site groundwater, it has been eliminated from further consideration because of a
limited record of accomplishment in groundwater treatment applications as compared to other

COC removal processes; and increased cost compared to other ex-situ treatment options.

3.2.2.5.4 Advanced Oxidalion

Advanced oxidation combines the use of strong oxidizing agents, such as ozone and hydrogen
peroxide; with ultraviolet light to facilitate faster and more complete destruction of dissolved
organic compounds than obtained by chemical oxidants alone. Ozone and hydrogen peroxide
are converted to very reactive hydroxyl radicals through a photolytic reaction. The hydroxyl
radicals oxidize organic and inorganic constituents, ultimately breaking down the organics into
carbon dioxide, water, and residual chloride ions (in the case of chlorinated organics).
Inorganic constituents, such as iron and manganese, are also oxidized and precipitated,

potentially resuiting in the fouling of UV lamps and loss of treatment efficiency.

Effectiveness. Advanced oxidation is a well-developed, increasingly used process, which has
proven effective for destruction of many of the VOCs present in Site groundwater. As a
destruction process, it is advantageous in that it does not transfer COCs to another medium.
Advanced oxidation is considered by USEPA to be a “presumptive technology” for ex-situ
treatment of dissolved organic VOCs under the Superfund Accelerated Clean-up Model.

Implementability. = Advanced oxidation is readily implemented for treatment of Site
groundwater using commercially available equipment from a limited number of vendors.
Treatability andfor pilot testing are warranted to assist in evaluating pre-treatment
requirements and obtain design information. The construction of a treatment system in the
wetlands area will have to comply with location specific ARARs such as the Protection of
Wetland (Executive Order 11990) (Appendix B Table B-2).

Cost. The capital and O&M costs for advanced oxidation are considered high compared to
other COC treatment processes.

Conclusion. Although advanced oxidation is a potentially effective process for treatment of
organics in Site groundwater, it has been eliminated from further consideration because other
potentially less expensive options are available that provide a similar or higher level of

treatment.
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3.2.2.6 Discharge

The following groundwater discharge process options were retained in the screening step for

COC impacted groundwater within the alluvium:

Remedial Technology Process Option

Surface Discharge

Discharge To Publicly-Owned Treatment Works (POTW)

Direct Discharge

3.2.2.6.1 Surface Discharge

Surface discharge refers to the direct discharge of treated groundwater to the Wetland Creek.
The Wetland Creek, which flows south of the Property, originates at an impound lake located
approximately 0.3 miles west of the Property, flows southeast for approximately 0.36 miles,
crosses US Highway 61 and then follows an engineered course across the flat valley bottom to
the southeast of the Property, before discharging into the Cape LaCroix Creek.

Effectiveness. Discharge to the Wetland Creek is an effective means of final disposition of the
volume of water expected to be generated by groundwater collection and treatment.

Implementability. The implementability of this method would depend on WQS for the Wetland
Creek, and whether the treatment system can achieve those standards. Although an actual
discharge permit may not be necessary under CERCLA, the substantive requirements of the
National Pollution Discharge Elimination System (NPDES) permit program and MDNR WQS

would have to be considered.

Cost. The capital and Q&M costs for surface discharge of treated groundwater to the Wetland
Creek are considered moderate when compared to other discharge options.

Conclusion. Direct discharge of treated groundwater to the Wetland Creek is retained as a

potential component of Site groundwater remedial alternatives.
3.2.2.46.2 Discharge To Publicly Owned Treatment Works (POTW)

Discharge to POTW refers to discharge to the Cape Girardeau POTW. Discharge to the POTW
would require either boring under US Highway 61 to connect to the existing sewer main or
extending the sewer connection to the wetland area. For either option all City, County, and

State specifications will need to be met,
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Effectiveness. Discharge to POTW is an effective means of final disposition of the volume of

water expected to be generated by groundwater collection and treatment.

Implementability. The implementability of this method would depend on the sewer discharge
permit requirements. Although an actual discharge permit may not be necessary under
CERCLA, the substantive requirements of the POTW and MDNR would have to be considered.
Discharge to the POTW might require crossing public and/or private property, and obtaining
rights-of-way for a discharge pipeline.

Cost. The capital and O&M costs for discharge of treated groundwater to POTW are considered

moderate compared to other discharge options.

Conclusion. Discharge to the POTW is retained as a potential component of Site groundwater

remedial alternatives.

3.2.2.7 In-Sitv Treatment

The following in-situ treatment process options were retained in the screening step for COC
impacted groundwater within the alluvium:

Remedial Technology Process Option
Enhanced Biodegradation (EBD)
In-Situ Treatment Monitored Natural Attenuation (MNA)
Permeable Reactive Barriers

3.22.7.1 Enhanced Bio-Degradation (EBD)

The enhanced biological degradation (EBD) of chlorinated VOCs is an accepted viable
groundwater remediation process. Various enhancements are available to stimulate biological
activity and accelerate the degradation process, including the injection of hydrogen release
compound {HRC®) which is an example of this EBD process option. HRC®, a viscous, honey-
like substance, is injected into groundwater, which slowly releases lactic acid. Naturally
occurring anaerobic microbes metabolize the lactic acid to produce hydrogen. The hydrogen, in
turn, is used by other indigenous microbes to break down target chemicals. This occurs through

a stepwise process, which produces harmless end-products such as ethene and ethane.

Effectiveness. Applying EBD to the subsurface for effective remediation can be difficult and
uncertain. The effectiveness of EBD to stimulate biological activity and accelerate the
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degradation process depends on the suitability of the Site’s geochemical/biological condition for
biodegradation of chlorinated VOCs. Additionally, since the source location of discharge of
COCs to the alluvium groundwater at depth from the bedrock is unknown, this process option

will require further investigation to identify appropriate application locations.

Implementability. EBD can be readily implemented for COC impacted alluvium groundwater
using conventional equipment and resources. Treatability and/or pilot testing are warranted to
finalize design considerations, including an initial evaluation to determine the geochemical

conditions at the Site.

Cost. The capital and O&M costs for EBD are considered moderate compared to other in-situ

groundwater treatment options.

Conclusion. EBD is retained as a possible component of groundwater remedial action
alternatives for the COC impacted groundwater within the alluvium.

3.2.2.7.2 Monitored Natural Aftenvation (MNA)

Although this process is categorized under the heading of “In-situ Biological Treatment” (FRTR,
1997), natural attenuation refers to a variety of physical, chemical, as well as biological
mechanisms, which act to reduce the mobility, toxicity, and/or mass of COCs in groundwater.
These mechanisms include dilution, dispersion, adsorption, chemical reaction/fixation,
volatilization, and biodegradation. “Monitored” natural attenuation (MNA) refers to ongoing
monitoring of groundwater to evaluate conditions and verify/confirm that natural processes are

occurring and will achieve TCLs in a reasonable time frame.

Effectiveness. The effectiveness of MNA processes, acting independently or in combination
with other process options, to achieve the RAOs for the alluvium impacted groundwater plume,
in a reasonable time frame (30 years), will require further investigation in accordance with the
criteria set forth in the USEPA guidance (USEPA, 1997).

Implementability. MNA can be readily implemented for COC impacted alluvium groundwater
using conventional equipment, resources, and monitoring techniques. The process, however,
has only recently been recognized as potentially viable as part of a remedial alternative
selection. To establish the viability of using MNA as an appropriate process option will require
collation and assessment of data to meet the OSWER selection criteria (USEPA, 1997), and
performance monitoring to evaluate remedy effectiveness and to ensure protection of human

health and the environment.
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Cost. The capital and O&M costs for MNA are considered low to moderate compared to other
in-situ groundwater treatment options.

Conclusion. MNA is retained as a possible component of groundwater remedial action
alternatives for the COC impacted alluvium.

3.2.2.7.3 Permeable Reactive Barriers

Permeable reactive barriers are installed across the flow path of a contaminant plume, allowing
the COC impacted groundwater plume to passively move through the barrier. The barriers can
be installed within trenches or for deeper applications through the injection of chemicals under
pressure into closely spaced boreholes. The barriers allow the passage of water while
prohibiting the movement of COCs by employing agents such as zero-valent metals, chelators
(ligands selected for their specificity for a given metal), sorbents, microbes, oxidants or
reductant chemicals. Within the permeable reactive barrier, COCs will either be degraded or
retained in a concentrated form by the barrier material. The selection of reactive media will be
the subject of detailed laboratory and field testing to ensure effectiveness.

Effectiveness. Permeable reactive barriers are a potentially effective method for the destruction
or retention of dissolved organic COCs, although the effectiveness of permeable reactive
barriers may reduce over time. The reduction in effectiveness could result from biological
activity or chemical precipitation, which may limit the permeability of the barrier and therefore
require the replacement of the reactive media. Treatability and/or pilot testing are warranted to
finalize design considerations including an evaluation to determine the type of reactive media
most effective for impacted groundwater at the Site. Working with heavy equipment results in
additional human health risks during the installation period and may cause disruption/damage

to the wetlands area.

Implementability. In this case, given the depths of COC impacted alluvial groundwater (in
excess of 69 feet), the use of boreholes is considered to provide an advantage over trench
installed permeable reactive barriers. Injection boreholes are commonly advanced in two
parallel rows across the COC impacted groundwater plume, and for silts and clays, spaced
approximately 5 feet to 10 feet apart. Commercially available equipment can be used to
advance the boreholes, although measures may be required to limit the impact of heavy

equipment on the wetland area.

Cost. The capital cost for permeable reactive barriers is considered high, and O&M costs are
considered moderate to high as a result of the likely need to periodically replace the reactive
media.
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Conclusion. Although permeable reactive barriers have the potential to be effective for
treatment of organics in Site groundwater, permeable reactive barriers has been eliminated from
further consideration because of concerns regarding their long term effectiveness, difficulties in
implementation and high cost.

3.228 Summary of Selected Technologies and Process Options

On the basis of screening and evaluation of technologies and process options discussed herein
and summarized in Table 3.4, remedial action alternatives for COC impacted groundwater
within the alluvium will be assembled from the following:

General Response . .
Action Remedial Technology Process Option
No Action Not Applicable Not Applicable
Institutional Controls Land and Resource Use Restrictions
Limited Action Wellhead Treatment Wellhead Treatment Systems
Long-Term Monitoring Groundwater Monitoring
Extraction {(Groundwater
Collection , Vertical-Drilled Extraction Wells
Pumping)
Ex-Situ Treatment Physical Treatment Carbon Adsorption
Surface Discharge
Discharge Direct Discharge Discharge To Publicly-Owned
Treatment Works (POTW)
EBD
In-Situ Treatment In-Situ Treatment Monitored Natural Attenuation
(MNA)

The implementation of the retained process options on their own, as remedial action responses,
will not meet all the Site RAOs. However, combinations of the retained process options are
expected to meet the Site RAOs.
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4 DEVELOPMENT OF REMEDIAL ACTION
ALTERNATIVES

This section presents the formulation and description of a range of remedial action alternatives.
In assembling GRAs into remedial action alternatives, technologies and process options
retained from Section 3.0 are combined to form remedial action alternatives for COC impacted
groundwater within the fractured bedrock and the alluvium. The alternatives described in this
section represent various conceptual approaches to addressing Site COCs. The alternatives are
subject to detailed analysis in Section 5.0.

Remedial alternatives developed for the Site are categorized into Fractured Bedrock (FB) and
Alluvium (AL) alternative groups. The FB group addresses groundwater contamination within
the fractured bedrock and the AL group is focused on groundwater within the alluvium. The
alternatives within each group provide various degrees of risk reduction via different levels
and/or methods of remediation, ranging from no action, to limited action, to a number of
treatment/removal alternatives which vary in the degree to which the toxicity, mobility, or
volume of contaminants and wastes are reduced.

The Fractured Bedrock Alternatives proposed for the Site include:

e FB-1: No Action; and,
s FB-2: Institutional Controls/Wellhead Treatment/ Long Term Monitoring,.

The Alluvium Alternatives for the Site include:

e AL-1: No Action;

s AL-2: Institutional Controls/Wellhead Treatment/Long-Term Monitoring;
e AL-3 Groundwater Collection, Ex-Situ Treatment and Discharge;

e Al-4 EBD; and,

+ AL-5 Monitored Natural Attenuation,
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4.1 FB ALTERNATIVE DESCRIPTIONS

The groundwater alternatives for the fractured bedrock have been developed from the process
options evaluated in Section 3.2 as summarized in Section 3.2.1.8.

The Fractured Bedrock Alternatives proposed for the Site include:

e FB-1: No Action; and,
e FB-2: Institutional Controls/Wellhead Treatment/ Long Term Monitoring,

Detailed descriptions of the Fractured Bedrock Alternatives are provided in the following
sub-sections.

4.1.1 ALTERNATIVE FB-1: NO ACTION

Alternative FB-1, the “No Action” alternative, can be applied to COC impacted groundwater in
the fractured bedrock. The No Action alternative is developed and evaluated for baseline
comparison purposes as described in the NCP under Section 300.68. This alternative is
proposed as a means of identifying the problems posed by the Site if no remedial actions are
implemented to address groundwater contamination,

4.1.2 ALTERNATIVE FB-2: INSTITUTIONAL CONTROLS/WELLHEAD TREATMENT/
LONG TERM MONITORING

Alternative FB-2 incorporates all of the Limited Action process options retained from Section
3.3.1.2. The retained process options are ICs, wellhead treatment units, and groundwater

monitoring. The specific components of Alternative FB-2 are as follows:
4.1.21 Institutional Controls

Institutional controls will be implemented in layers as appropriate to enhance the
protectiveness of the remedy. The primary form of institutional control for the Property is
expected to be a proprietary control, specifically a restrictive covenant and grant of access.
This form of proprietary control was selected as it is effective as an informational device and
creates a readily enforceable legal property interest. For areas where COCs are present off the
Property, this proprietary control may also be effective; however, a special area designation or
other techniques may also be appropriate.

The imposition of a restrictive covenant and grant of access on the Property will be sought. The
grantee of this restrictive covenant will have the right of access and the authority to enforce the
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restrictive covenant. The EPA may be named as a third-party, or intended, beneficiary in this
instrument so that EPA may also have the ability to enforce the terms of the restrictive covenant
and grant of access.

This restrictive covenant and grant of access will be patterned on either the: 1) Model Restrictive
Covenant and Grant of Access found in the MDNR CALM Appendix E, Attachment E1; 2) the
proposed Model Declaration of Restrictive Covenant and Grant of Access which is anticipated
to be located in the MDNR Long-term Stewardship for Risk-based Corrective Action Sites,
Appendix J, Technical Guidance; or, 3) other appropriate instruments.

The objectives of imposing a restrictive covenant and grant of access on this Site are to eliminate
or minimize exposures to contamination remaining at the Site and limit the possibility of the
spread of contamination. These objectives will be achieved by use of the restrictive covenant
and grant of access as it will: 1) provide notice; 2) limit use; and 3) provide for all required
access.

Specifically, the restrictive covenant and easement will achieve this by:

e providing notice to prospective purchasers and occupants that there are contaminants in the
groundwater,

e ensuring that future owners are aware of engineered controls (if any) put into place as part
of this remedial action.

+ prohibiting residential, commercial and industrial uses, except those uses which would be
consistent with the remedial action.

¢ prohibiting or restricting the placement of groundwater welis.

¢ prohibiting other ground penetrating activities which may result in the creation of a
hydraulic conduit between water bearing zones.

e providing access to USEPA and the State of Missouri for verifying land use,

e prescribing actions that must be taken to install and/or maintain engineered controls (if
applicable).

¢ providing access to USEPA and the State of Missouri for sampling and the maintenance of

engineered controls (if applicable).
In addition to the above proprietary control, MDNR Geological Survey & Resource Assessment
Division may designate the impacted areas associated with the MEW Site as a “special area” as
provided for in the Well Driller's Act, RSMo 256.606. Special areas are geographic regions that
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are subject to stringent well-drilling requirements due to special circumstances, such as the
presence of groundwater contamination, Such a designation would require rulemaking, and. it
established, would require all well installation contractors to follow new drilling standards for

well construction in the contaminated area.

Other ICs may include but are not limited to: ordinances; inspection regimes; property notices;

and public information.
41.2.2 Wellhead Treatment Systems

Wellhead treatment systems could be installed and maintained for any existing potable water
supply well in the event that one becomes impacted by COCs, or new potable water supply
wells are installed where extracted groundwater could be reasonably expected to have COC
concentrations greater than TCLs. To address an unconfirmed potential future need, the
installation and maintenance of a wellhead treatment system at one water supply well in the
future is contemplated under this alternative. Wellhead treatment consists of treatment
systems, such as activated carbon/air strippers, to remove VOCs from groundwater pumped for
potable use. Ongoing maintenance of wellhead treatment systems would include periodic
change out of spent carbon, as well as, other adjustments/repairs necessary to maintain proper

function of the systems,

Assuming that a future wellhead treatment system is necessary where extracted groundwater
could be reasonably expected to have COC concentrations greater than TCLs, the process for
well installation and operation would be the subject of a detailed design and the formation of an

operation and maintenance report.

Wellhead treatment is considered a future process option that may or may not be required.
Given the uncertainty regarding the future need for this process option, this has been excluded

from the cost estimate for alternative FB-2.

4.1.2.3 Groundwaier Moniforing

Groundwater monitoring could involve sampling and laboratory analysis of COC impacted
groundwater from the 14 existing monitoring wells installed within the bedrock (Figure 1.2).
The subset of 14 wells is consistent with the bedrock monitoring wells sampled by Komex in the
November 2004 sampling event. Laboratory analysis of groundwater samples for VOCs,
SVOCs, and PCBs is proposed under this monitoring program.
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Annual maintenance of monitoring wells, such as repair of damaged well caps or concrete
surface seals would also be a necessary component of groundwater menitoring. Following the
achievement of Site RAOs or upon determination that monitoring is no longer necessary,
abandonment/decommissioning of Site groundwater monitoring wells will be required.

Monitoring well abandonment would be carried out in accordance with MDNR's requirements.

4124 Review of Site Conditions and Risks Every Five Years

Review of Site conditions and risks is conducted by the USEPA at five-year intervals and
documented in a report. The review is carried out pursuant to a statutory requirement of
CERCLA and the NCP that applies to remedial actions in which COCs remain onsite (CERCLA
Section 121 (c) and the NCP: 40 C.F.R. 300.430(f)(4)ii)).

4.2 AL ALTERNATIVE DESCRIPTIONS

The groundwater alternatives for the alluvium have been developed from the process options

evaluated in Section 3.3 as summarized in Section 3.3.1.8.

The Alluvium Alternatives for the Site include:

e  AL-1: No Action;

e AL-2: Institutional Controls/Wellhead Treatment/ Long Term Monitoring;
e AL-3 Targeted Groundwater Collection, Ex-Situ Treatment and Discharge;
e AL-4 EBD; and

o AL-5 Monitored Natural Attenuation

Detailed descriptions of the Alluvium Alternatives are provided in the following sub-sections.
Alternatives AL-1 and AL-2 are identical to Alternatives FB-1 and FB-2, respectively, with the
exception of the type (bedrock vs. alluvium) and number of wells proposed for monitoring. The
number of water samples, sampling frequency, and analytical parameters will be based on
discussions with the USEPA. For a description of Alternatives AL-1 and AL-2, please refer to
Sections 4.1.1.1 and 4.1.1.2, respectively

4.2.1 ALTERNATIVE AL-3: TARGETED GROUNDWATER COLLECTION, EX-SITU
TREATMENT, AND DISCHARGE

Alternative AL-3 includes all of the measures proposed under AL-2, to achieve the Site RAOs,
plus targeted groundwater collection, treatment and discharge (pump and treat) within the

alluvium. The objective of the targeted pump and treat system is to create a capture zone that
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encompasses the COC impacted alluvium groundwater, thus providing containment for the

impacted groundwater plume,

This section describes the conceptual approach and assumptions associated with groundwater
collection and treatment for remediation of alluvial groundwater. The conceptual design of the
extraction well locations and pumping rates discussed below was developed in part based on
potential site-related impacts in the alluvium associated with wells MW-16B and MW-16C. The
groundwater treatment system conceptual design was based on technology performance data,
treatment equipment vendor information, and design parameters reported in the literature. An

itemized cost estimate for Alternative AL-3 is presented in Appendix D.

4.21.1 Pre-Design Investigations

Pre-design investigations focused on aquifer hydrogeologic properties and groundwater
treatability would be necessary to design the groundwater collection and treatment system
contemplated as part of this alternative. Aquifer pumping test(s) would be implemented to
obtain data (e.g., hydraulic conductivity, specific yield, specific capacity, extent of groundwater
capture} relevant to selection of extraction well design parameters, such as the number of wells,
their locations and pumping rates necessary to achieve COC impacted alluvium groundwater
plume capture. Groundwater treatability testing would be conducted concurrent with aquifer
testing to characterize extracted groundwater quality, evaluate the effectiveness of proposed
treatment processes and assist in the final selection and sizing of treatment equipment.

4212 Conceptual Design of Groundwater Collection, Treatment and
Discharge System

The proposed conceptual design for the groundwater collection, treatment and discharge

system would consist of the following principal subsystems:

. Groundwater Extraction System;
) Groundwater Treatment System; and
. Treated Groundwater Discharge System.

4.2.1.2.1 Groundwater Extraction System

The groundwater extraction system conceptual design is based on the general conceptual model
of COCs discharging from the bedrock into the alluvium at depth and has been designed
considering COC impacts at wells MW-16B and MW-16C. It should be emphasized that the
final design of the extraction well system, including the number of wells, well layout, screened
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intervals, and extraction rates should be based on the results of aquifer testing conducted as
part of pre-design investigations. Nevertheless, it is a requirement of the FS to estimate the
approximate number of wells and the likely pumping rate in order to evaluate and estimate the
remedial alternative’s cost.

The minimum number of wells and pumping rates required to achieve containment of the COC
impacted alluvium groundwater plume were estimated based upon analytical and field data
collected as part of the Site characterization and groundwater monitoring activities. The
maximum concentration of TCE in the alluvium have been detected at concentrations of 9.2
ug/L and 9.9 ug/L in samples from monitoring wells MW-16B and MW-16C, respectively. The
average hydraulic conductivity for the alluvium was estimated as 19.7 feet/day (Komex, 2004).
Based on monitoring and slug test data, a reasonable individual extraction well pumping rate
was estimated as approximately 10 gpm. The capture zone was calculated based upon the
estimated aquifer thickness (80 feet), hydraulic conductivity (19.7 feet/day), hydraulic gradient
(pre-pumping [0.0014 feet/feet]) and assumed pumping rate (10 gpm [1,925 cubic feet per day]).

Conservative predicted capture zones for the proposed wells are presented in Figure 4.1.

For the purposes of the FS, we assume that four wells would be required to create a capture
zone that encompasses the location where the highest COC concentrations were detected in the
alluvium. Given the individual extraction well pumping rates, a total combined extraction well
pumping rate is therefore estimated at 40 gpm. The proposed extraction well layout is shown
on Figure 4.1,

The groundwater extraction wells would typically be constructed of 4-inch diameter PVC well
casing, screened from approximately 50 to 100 feet bgs or to the clay/ alluvium interface,
(whatever is deeper). Final design of the extraction weil system, including the number of wells,
well layout, screened intervals, and extraction rates should be based on the results of aquifer
testing conducted as part of pre-design investigations.

Each extraction well would be equipped with an electrical submersible pump and
instrumentation, such as a pressure gauge, water level transducer, and flow meter. The
wellheads would be completed in a below grade vault or above grade enclosure. The extraction
wells would be plumbed to the groundwater treatment system via two-inch diameter

underground piping.
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4.2.1.2.2 Groundwater Treatment System

The purpose of the groundwater treatment system is to reduce contaminant concentrations in
the extracted groundwater to levels suitable for discharge. The conceptual design proposed

herein conservatively assumes that carbon adsorption will be selected.

Primary factors influencing groundwater treatment process design are flow rate and influent
concentrations (i.e., the concentration of COCs in the extracted groundwater). Under this
alternative the groundwater treatment system would be sized to treat a maximum flow rate of
50 gpm. The anticipated influent concentrations were assumed to be the maximum
contaminant concentrations, including non-detectable values, associated with groundwater
monitoring well sampling and laboratory analysis undertaken as part of the Site
characterization. COC concentrations are presented in Table 2.1 and provide the basis for
costing the groundwater treatment process and components discussed in more detail below.
Final selection of design flow rate and influent concentrations should consider data collected as

part of pre-design investigations.

In concept, extracted groundwater would enter a 2,500-gallon equalization tank as the first step
in the groundwater treatment process. The equalization tank provides storage to dampen
variations in well pumping rates and contaminant concentrations entering the system.
Groundwater will then be pumped through a carbon adsorption system, which may or may not
include a pre-treatment component (suspended solids filtration). The objective of the carbon
adsorption system would be to reduce the levels of COCs in the extracted groundwater to
concentrations equal to or below levels suitable for discharge. The carbon adsorption treatment
system would consist of a transfer pump and three, 3,000-pound granular activated carbon

vessels connected in series. Treatability testing should be performed as part of pre-design

investigations to develop parameters for final design of the carbon adsorption system.
42123 Treated Groundwater Discharge System

Treated groundwater would be discharged either to the Wetland Creek or to the POTW. Final
selection of a discharge option will occur as part of final design and will depend, in part, on the
discharge concentration limits established for each method. The conceptual design proposed
herein assumes that discharge to the POTW will be selected.

4.2.2 ALTERNATIVE AL-4: EBD

Alternative AL-4 includes all of the measures proposed under AL-2 plus EBD. For purposes of
costing, the EBD for this FS incorporates HRC injection to achieve the Site RAOs. The objective

Fractured Bedrock and Alluvium 4-8 KOMEX
Groundwater Remediation FS USA. CANADA, UK AND WORLDWIDE

y22v01051de
2|14 215 MW



of injecting HRC into the aquifer is to stimulate biological activity and to accelerate the
dehalogenation process of chlorinated COCs in alluvial groundwater. The treatment approach
at the Site will consist of a barrier design approach. This treatment strategy should reduce the
risk associated with the downgradient migration of COCs at targeted areas within the alluvium.

The effectiveness of HRC injection to stimulate biological activity and accelerate the
dehalogenation process depends on the suitability of the Site’s geochemical and biological
conditions for biodegradation of chlorinated VOCs. Treatability and/or pilot testing are
warranted to finalize design considerations, including an initial evaluation to determine the

geochemical and biological conditions at the Site.

For the purposes of the F5, we assume that five 2-inch wells will be installed in a row
upgradient of monitoring wells MW-16B and MW-16C. The wells will be spaced approximately
10 feet apart and will be located perpendicular to the groundwater flow direction in the
alluvium. The proposed extraction well layout is shown on Figure 4.2. These wells will be used
to inject HRC into the aquifer, HRC is consumed during the dehalogentaion process, therefore,

it must be replenished for the chlorinated COC remediation to continue.
4.2.3 ALTERNATIVE AL-5: MONITORED NATURAL ATTENUATION

Alternative AL-5 includes all of the measures proposed under AL-2, plus MNA to achieve the
Site RAOs. To establish the viability of using MNA as a remedial alternative will require
collation and assessment of data to meet the OSWER selection criteria (USEPA, 1997), and
performance monitoring to evaluate remedy effectiveness and to ensure protection of human

health and the environment.

Under this alternative, monitoring to assess natural attenuation would be required for a period
of no less than one year to evaluate the feasibility of this alternative. Data collected during this
year would be required to demonstrate at a minimum two of three lines of evidence to support
MNA as an effective process. These lines of evidence include:

o Primary line - Data from historical groundwater samples demonstrating a trend of
declining contaminant mass;

¢ Secondary line - Indirect demonstration of natural attenuation processes through
assessment of related parameters (dissolved oxygen, nitrate, iron (1), sulfate, methane

etc.); and
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e Tertiary line - data from field or microcosm studies that demonstrate biclogical activity

in the groundwater.
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5 DETAILED ANALYSIS OF ALTERNATIVES

The remedial alternatives assembled and described in Section 4.0 are analyzed in detail in this
section. The detailed analysis of alternatives is intended to provide sufficient information to
compare the alternatives and facilitate selection of a specific remedy for the fractured bedrock
and alluvium. The analysis focuses on the NCP set of nine evaluation criteria, which
encompass statutory requirements, as well as technical, cost, and institutional considerations,
which are considered appropriate for a thorough evaluation.

After the alternatives have been assessed against the evaluation criteria, a comparative analysis
is conducted to evaluate the relative performance of each alternative in relation to each specific
criterion. The purpose of this comparative analysis is to identify the advantages and
disadvantages of each alternative so that key tradeoffs can be identified.

Descriptions of the nine evaluation criteria are presented in Section 5.1. A detailed analysis of
the remedial alternatives is presented in Section 5.2. The comparative analysis is presented in
Section 5.3.

5.1 CRITERIA FOR EVALUATION OF ALTERNATIVES

Nine evaluation criteria have been developed to provide the basis for conducting the detailed
analysis of remedial alternatives and for subsequently selecting an appropriate remedial action
alternative. The criteria are prescribed in the NCP under Section 300.430 (e) 9 (iii) and further
described in the USEPA guidance document (USEPA, 1988a). The nine evaluation criteria are:

¢ QOverall Protection of Human Health and the Environment;

e Compliance with ARARs;

¢ Long-term Effectiveness and Permanence;

¢ Reduction of Toxicity, Mobility, and/or Volume through Treatment;

¢ Short-term Effectiveness;

* Implementability;

e Cost;

e State Acceptance; and

e Community Acceptance.

The first two criteria listed above (i.e., overall protection of human health and the environment,
and compliance with ARARSs) are “threshold” criteria in that they relate directly to statutory
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findings that must ultimately be made in the decision document, and therefore they must be
satisfied in order for an alternative to be selected. The next five criteria represent the primary
“balancing” criteria upon which the comparative analysis of alternatives is based. The final two
evaluation criteria: State acceptance and community acceptance, represent modifying criteria,
which will be considered in the comparative analysis of alternatives and fully assessed
following public comment on the FS Report and the proposed plan. Brief descriptions of the

evaluation criteria are provided below:

5.1.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

This criterion assesses whether each alternative provides adequate protection of human health
and the environment. The overall assessment of protection draws on the evaluations of long-
term effectiveness and permanence, short-term effectiveness, and compliance with ARARs.
Protectiveness focuses on how site risks are reduced or eliminated by each alternative. Risk
reductions are associated with how effectively an alternative meets the RAQOs. This criterion is
considered a threshold and must be met by the selected alternative.

5.1.2 COMPLIANCE WITH ARARS

This criterjon is used to evaluate whether each alterative will meet all identified Federal and
State ARARs, or whether justification exists for waiving one or more ARARs. The detailed
analysis will describe how each alternative will meet these requirements. This criterion is also a
threshold that must be met by the selected alternative unless an ARAR is waived. ARARs are
identified in Appendix B. Section 2.1 provides a summary of the ARARs evaluation.

5.1.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

Each alternative is evaluated in terms of risk remaining at the site after RAOs have been met.
The primary focus of this evaluation is the extent and effectiveness of controls used to manage
the risk posed by treatment of residuals or untreated wastes. The following criteria are

considered:

» Adequacy of mitigation controls;

¢ Reliability of mitigation controls; and
* Magnitude of residual risk.
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5.1.4 REDUCTION OF TOXICITY, MOBILITY, AND/OR VOLUME THROUGH

TREATMENT

This criterion addresses the statutory preference for the selection of alternatives, which utilize

treatment technologies that permanently and significantly reduce toxicity, mobility, and/or

volume of the Site COCs. This evaluation focuses on the following specific factors:

The treatment process(es) utilized and the materials they would treat;

The amount of hazardous materials or contaminated groundwater that would be destroyed
or treated;

The degree of anticipated reduction in toxicity, mobility, and/or volume;
The degree to which the treatment would be permanent and irreversible;
The type and quantity of treatment residuals that would remain; and

Whether the alternative would satisfy the statutory preference for treatment as a primary
element of the alternative.

5.1.5 SHORT-TERM EFFECTIVENESS

This evaluation criterion addresses the effects of the alternative during the construction and

implementation phase. Under this criterion, alternatives are evaluated with respect to their

effects on human health and the environment during remedial action implementation. The

following factors are considered:

Exposure of the community during implementation;
Exposure of the workers during construction;
Environmental impacts; and

Time required achieving RAOs.

5.1.6 IMPLEMENTABILITY

This criterion addresses the technical and administrative feasibility of implementing an

alternative and the availability of various services and materials required during its

implementation. The following factors are considered:

Ability to construct the technology;
Reliability of the technology;

Monitoring considerations;

Availability of equipment and specialists; and

Ability to obtain approvals from regulatory agencies.
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5.1.7 COST

The final balancing criterion considers relative cost estimates for each alternative. The cost
estimates are preliminary engineer’s estimates and represent opinions of the costs associated
with implementing each alternative, and are not equivalent to an estimate that a remedial
contractor would bid or professional cost estimator may provide after remedial design is
completed and construction documents, if warranted, are prepared. Consistent with USEPA
guidance (USEPA, 1988a), the cost estimates attempt to achieve an accuracy of +50% to -30%
and include the following:

» Capital costs, including both direct and indirect costs;
¢ Annual O&M costs, including long-term effectiveness monitoring cost;

e Periodic cost, including data collection and analyses to support the USEPA in its

preparation of the Five-Year Review Report ; and

o Net present worth of capital, O&M, and periodic costs.

Direct costs include the purchase of equipment, labor, and materials necessary to install the
alternative. Indirect costs include those for engineering, financial, and other services, such as
testing and monitoring. Annual Q&M costs for each alternative include maintenance materials,

labor, and auxiliary materials, as well as operating costs.

The cumulative net present value of each alternative provides the basis for the cost comparison.
The cumulative net present value presents the amount of money that, if invested in the initial
year of the remedial action at a given rate, would provide the funds required to make future
payments to cover all costs associated with the remedial action over its planned life. The cost
estimates of the remedial alternatives were developed using Remedial Action Cost Engineering
and Requirements (RACER) software (EarthTech, 2003). The present valué analysis is
performed on all remedial alternatives using a 5.0% initial discount (interest) rate (for years 1
through 15) and 4.0% for Years 16 through 30, and a 3.0% rate of inflation applied over a period
of 30 years. Appendix D contains spreadsheets showing each component of the cumulative net

present value costs.

5.1.8 STATE ACCEPTANCE

Technical or administrative issues and concerns the State of Missouri may have regarding each
alternative are considered, including the identification of ARARs, or the proposed use of ICs.
The RI/FS has been conducted pursuant to the terms of the Consent Degree to which the USEPA
and the MDNR are parties. These parties have provided input to the FS process on an ongoing
basis. Specific State concerns not incorporated into the FS Report may be discussed in the
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proposed plan to be issued for public comment, as detailed in 40 CFR 300.43(e)(iii)(H). As such,
this criterion will not be included in the detailed evaluation presented herein.

5.1.9 COMMUNITY ACCEPTANCE

Public concerns, after comments on the Rl (Komex 2005d) and FS report, and Proposed Plan are
received, will be addressed after the public comment period, and will be incorporated into a
“Responsiveness Summary”. As such, additional discussion regarding community acceptance
is not presented herein.

5.2 DETAILED ANALYSIS OF ALTERNATIVES

The analysis of the Fractured Bedrock and Alluvium Alternatives with respect to the above
criteria is presented in the following sections.

5.2.1 ALTERNATIVES FB-1 AND AL-1: NO ACTION

Alternatives FB-1 and AL-1, the No Action alternatives, are intended to provide a baseline
against which other alternatives can be compared, as required by the NCP under Section 300.68.
Under the “No Action” alternatives, no action would be taken to alter conditions at the Site,

5.2.11 Overall Protection of Human Health and the Environment

Alternatives FB-1 and AL-1 are not protective of human health because no action is proposed
and the risks posed by the Site under existing conditions, as described in the BHHRA (Komex,
2005f), would continue to be present under these alternatives. With regard to exposure to Site
groundwater, risks include exposure of human receptors to COCs through ingestion, inhalation
and/or dermal contact with COC impacted groundwater.

5.2.1.2 Compliance with ARARs

Alternatives FB-1 and AL-1 do not address groundwater contamination, and hence, are not
compliant with ARARs that regulate groundwater and drinking water quality (e.g., MCLs, State
MCLs, and MDNR WQS and GTARCs). Location-specific and action-specific ARARs do not
apply to these alternatives because no remedial actions are proposed under Alternatives FB-1
and AL-1,
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5.2.1.3 Long-Term Effecliveness and Permanence

Existing residual groundwater contamination at the Site poses unacceptable human health risks
under possible future land use scenarios. Under the “No Action” alternatives, the risks would
remain unacceptable over the long term. Additional unacceptable risks could occur if
incompatible land uses and unanticipated groundwater use as a drinking water supply were
allowed. Migration control RAOs would not be met if Alternatives FB-1 and AL-1 are
considered the baseline, as COC migration within the fractured bedrock and ailuvium would

likely continue.

5214 Reduction of Toxicity, Mobility, or Volume Through Treatment

Although natural attenuation processes could act to reduce the toxicity or volume of
groundwater COCs in both the fractured bedrock and alluvium, Alternatives FB-1 and AL-1 do
not propose implementation of a process option to verify this. Alternatives FB-1 and AL-1 do
not satisfy the statutory preference for treatment as a principal element.

5.2.1.5 Short-Term Effectiveness

The exposure control RAOs for the Site would not be met if Alternatives FB-1 and AL-1 were
considered the baseline.

There are no additional risks to the community and environment posed by Alternatives FB-1
and AL-1 because these alternatives do not include the construction of any CERCLA remedial
systems.

5.2.1.6 Implementability

Alternatives FB-1 and AL-1 are readily implemented because no remedial actions are proposed
under these alternatives.

5.2.1.7 Cost

There are no costs associated with the implementation of Alternatives FB-1 and AL-1 because
no remedial actions are proposed under these alternatives.

5.2.2 ALTERNATIVES FB-2 AND AL-2: INSTITUTIONAL CONTROLS/WELLHEAD
TREATMENT/ LONG TERM MONITORING

Alternatives FB-2 and AL-2 rely on ICs, wellhead treatment and long-term monitoring to meet
Site RAOs. Under these alternatives, ICs would be established to prohibit/restrict certain Site
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uses and/or prohibit the use of untreated contaminated groundwater. ICs would be augmented
by wellhead treatment at existing potable wells, in the event they become impacted and/or new
potable water supply wells are installed in the future. The combination of ICs and wellhead
treatment would prevent the use of groundwater containing COCs. Groundwater monitoring
will be conducted.

Site-specific information and analysis of these alternatives relative to the nine NCP criteria is

provided in the following sections.
5.2.2.1 Overall Protection of Human Headlth and the Environment

Implementing Alternatives FB-2 and AL-2 at the Site would protect human health over the long
term. Protection of human health and the environment would be achieved through a
combination of ICs and wellhead treatment. ICs would restrict certain Site and near-Site uses
and prohibit the use of untreated COC impacted groundwater for any purpose. ICs would
guard against future risks to human health and the environment and exposure control RAOs
would be met. In the case where an existing potable well should become impacted, or a new
potable water supply well is installed where it could extract groundwater that could reasonably
be expected to have COCs at concentrations that exceed the TCLs, a wellhead treatment system
would be constructed.

5222 Compliance with ARARs

Alternatives FB-2 and AL-2, through ICs, wellhead treatment and long-term monitoring would
not be compliant with chemical-specific ARARs that regulate drinking water quality {e.g., MCL,
State MCL, and MDNR WQS and GTARCs). It is possible that natural attenuation processes
could act to reduce COCs to levels compliant with chemical specific ARARs. However, the
timeframe required to achieve compliance could exceed 30 years and possibly 100 years in the
fractured bedrock portion of the COC plume. Location-specific and action-specific ARARs do

not apply to these alternatives because no intrusive remedial actions are proposed.
5223 Long-Term Effectliveness and Permanence

Residual human health risks from COCs in groundwater would remain for an unknown period
under Alternatives FB-2 and AL-2, and ICs would be required for an indefinite period to ensure
protectiveness. ICs are intended to limit exposure to COC impacted groundwater. These
controls coupled with wellhead treatment, are expected to prohibit ingestion of or contact with
untreated groundwater for any use over the long term. As such these alternatives will manage
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the risk posed by the COC impacted groundwater. Alternatives FB-2 and AL-2 are considered
effective over the long term.

Groundwater monitoring performed under these alternatives wouid be effective at providing
indications of COC migration within and from the Site.

5224 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternatives FB-2 and AL-2 do not act to reduce the toxicity, andfor mass of COCs in
groundwater within the fractured bedrock and alluvium. Therefore, Alternatives FB-2 and
AL-2 are not considered effective at satisfying this criterion.

5.2.2.5 Short-Term Effectiveness

Alternatives FB-2 and AL-2 require no aboveground treatment (beyond future wellhead
treatment), thus minimizing direct worker contact with groundwater. Long-term groundwater
monitoring has minimal impact on workers responsible for periodic groundwater sampling and
any risks to workers can be controlled and mitigated by implementation of proper health and
safety measures in accordance with OSHA 1910.120. COC concentrations in groundwater are
anticipated to exceed TCLs for a time scale of greater than 30 years. Alternatives FB-2 and AL-2
are considered to present a minimal short-term effect.

5224 Implementability

Alternatives FB-2 and AL-2 are technically and administratively implementable at the Site. ICs
that are developed as part of these alternatives may require administrative activity and legal
action. ICs may be implemented without significant delays. Long-term monitoring would not
interfere with onsite activities nor would it interfere with the implementation of future response
actions within the Site. The equipment and services to collect groundwater samples are
commercially available. Alternatives FB-2 and AL-2 are easy to implement at the Site.

5227 Cost

A range of costs have been prepared to reflect an accuracy of +50% to -30% of the estimated cost
in accordance with USEPA guidance (USEPA, 1988).

There is no capital cost associated with Alternatives FB-2 and AL-2. Annual costs are estimated
at $155,719 (2™ year) and $75,074 (4* year) for FB-2. Annual costs are estimated at $97,324 (2™
year) and $46,922 (4" year) for AL-2. The cumulative net present value of these costs over 5, 10,

15, 20, 25 and 30-year periods, including periodic costs (e.g., five-year reviews), assuming an
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inflation rate of 3.0% and an initial discount rate of 5.0% for the first 15 years, then 4.0%

thereafter, are summarized below.

FB-2
Operstonai Priod | Presentvaloe | Comuativener | SO
(-30%) (+50%)
5-Years $443,873 $634,105 $951,157
10-Years $683,556 $976,509 $1,464,763
15-Years $901,265 $1,287,522 $1,931,283
20-Years $1,136,397 $1,623,425 $2,435,137
25-Years $1,360,440 $1,943,486 $2,915,229
30-Years $1,573,917 $2,248,453 $3,372,679
AlL-2
Cumulative Net Cumulative Net Cumulative Net
Operational Period Present Value Present Value Present Value
(-30%) (+50%)
5-Years $289,709 $413,870 $620,806
10-Years $444,880 $635,542 $953,314
15-Years $585,824 $836,892 $1,255,338
20-Years $738,145 $1,054,493 $1,581,740
25-Years $883,283 $1,261,832 $1,892,749
30-Years $1,021,575 $1,459,393 $2,189,090

These costs reflect the costs associated with the current monitoring program at the Site, which
includes the sampling of 14 and 10 wells installed within the bedrock and alluvium,
respectively, and 2 other wells. A detailed breakdown of these costs is provided in
Appendix D.

5.2,.3 ALTERNATIVE AL-3: GROUNDWATER COLLECTION, EX-SITU TREATMENT AND
DISCHARGE

Alternative AL-3 involves all of the measures proposed under Alternative AL-2, plus the

collection of COC impacted groundwater from the alluvium, treating the groundwater using
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carbon adsorption, and discharging it to the POTW (after analysis to ensure effluent quality) to
achieve the Site RAOs. The groundwater treatment system would extract groundwater from
four extraction wells located within the wetlands area. The individual extraction well pumping
rate is estimated at 10 gpm (based on monitoring and slug test data) with a total combined
extraction well pumping rate estimated at 40 gpm. The exact well locations and grouping, and
the pumping rates to be used will be determined during the pre-design investigations. COC
concentrations within the groundwater treatment system, including treatment system effluent,

would be monitored monthly.

Site-specific information and analysis of this alternative relative to the nine NCP criteria are

provided in the following sections.

5.2.3.1 Overall Protection of Human Headlth and the Environment

Implementing Alternative AL-3 would protect human health over the long term. Site RAOs
would be achieved through a combination of physical removal of COC impacted groundwater
from the aquifer, ICs, wellhead treatment and groundwater monitoring. There is some
uncertainty as to the timeframe required by a groundwater extraction and treatment system to
meet RAOs, and the time period may exceed 30 years. This alternative is protective of human

health and the environment.

5232 Compliance with ARARs

Alternative AL-3 through groundwater pump and treat, ICs, wellhead treatment, and long-term
monitoring is expected to be compliant with ARARs that regulate drinking water (e.g., SDWA
and Missouri WQS) although the time frame for compliance is uncertain. In addition, potential
discharge of treated groundwater to the POTW or surface water body (i.e., Wetland Creek) is
expected to be compliant with MDNR WQS and fulfill the NPDES substantive requirements.

Remedial activities within the wetlands area include: construction of wells; trenching for
conveyance piping; and provision of power and construction of the treatment system as well as,
temporary works required to facilitate access of heavy construction equipment (delivery trucks
etc.). These activities will be designed to comply with location-specific and action-specific
ARARs as detailed in Appendix B. Waste generated as a consequence of treatment operations
(spent granulated active carbon) will meet Standards for Owners and Operators of Hazardous
Waste and Treatment, Storage and Disposal facilities, as well as Standards Applicable to
Transporters of Hazardous Waste. Alternative AL-3 is expected to meet all Federal, State, and
local ARARSs.
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§233 Long-Term Effectiveness and Permanence

The objective of the pump and treat system proposed under Alternative AL-3 is to create a
capture zone that encompasses the COC impacted alluvium groundwater, thus providing
containment for the impacted groundwater plume and permanently removing COCs from
groundwater within the alluvium. The effectiveness of the pump and treat system would need
to be evaluated as part of groundwater monitoring and five-year reviews. The pump and treat
system will increase the hydraulic gradient between the bedrock and alluvium. As a result, this
may induce acceleration of COC mass flux from the bedrock to alluvium. Furthermore, this
increased gradient could result in an expanded zone of COC impact in the fractured bedrock.
As part of this ongoing monitoring/review, the need for wellhead treatment systems,
adjustments/cessation of groundwater extraction/treatment, and groundwater quality
monitoring would be evaluated. Alternative AL-3 is considered moderately effective over the

long term for the Site.

5234 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative AL-3 uses physical processes to remove COCs from groundwater within the
alluvium and reduce concentrations to TCLs. This alternative has the potential to reduce the
volume of COCs and their toxicity. The pump and treat component of this alternative will
create hydraulic gradients within the ailuvium that may influence groundwater within the
bedrock fractures. Movement of groundwater in the bedrock fractures, induced by
groundwater extraction activity, may remobilize COCs and/or increase COC transport rates.
Given, the complex nature of the bedrock fracturing, it is possible that control over remobilized
COCs could be lost as a consequence of a change in Site conditions, such as a rainfall event, or
changing the operation of the alluvium groundwater cellection system. In such a case, COC
mobility could be increased and uncontrolled. Alternative AL-3, therefore, is considered

moderately effective at satisfying this criterion.

5.2.3.5 Short-Term Effectiveness

Alternative AL-3 requires the construction and installation of extraction wells and remedial

equipment within the wetland area. Potential for worker exposure to chemicals occurs during:
¢ Drilling operations;
s Work with the aboveground water; and

e Sampling activities.
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The drilling of extraction wells may produce contaminated soil cuttings and liquids that present
some risk to workers at the Site.

Alternative AL-3 also requires substantial routine O&M, including periodic part replacement,
and carbon change-out. Long-term groundwater monitoring has minimal impact on workers
responsible for periodic groundwater sampling.

The time to achieve TCLs via this alternative is constrained by sorption of the COCs onto soil
particles within the aquifer and the rate of discharge of COCs from the bedrock. It is
anticipated that COC concentrations will exceed TCLs for a time scale of greater than 30 years.
Alternative AL-3 is expected to present short-term effects.

523.6 Implementability

Alternative AL-3 is theoretically, technically, and administratively implementable at the Site,
although the fulfillment of the location specific ARARs may make application of this alternative
problematic. The location of the treatment components in the wetlands may create a minor
visual and auditory nuisance and full compliance with location-specific ARARs will be
required. Ecological studies to support the construction of the treatment system and
contingency measures for system failure are likely to be required. Power requirements for the
treatment system may further complicate the implementation of this alternative. Permits and

permissions will be required to construct and operate the system,

Discharge of treated water to the POTW or surface water requires compliance with effluent
discharge limits and NPDES permits. In addition, waste documentation and manifest
preparation are required to recycle or dispose spent GAC. The aboveground treatment
components are readily available, standard, industry accepted technologies.

ICs that are developed as part of this alternative may require administrative activity and legal
action. ICs may be implemented without significant delays. Long-term monitoring would not
interfere with onsite activities nor would it interfere with the implementation of future response
actions within the Site. The equipment and services to collect groundwater samples are
commercially available.

Considering the difficulties associated with working off Site, in particular, the likely restrictions

imposed on working in the wetland area, Alternative AL-3 is considered difficult to implement.
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5.2.3.7 Cost

A range of costs have been prepared to reflect an accuracy of +50% to -30% of the estimated cost
in accordance with USEPA guidance (USEPA, 1988).

The capital cost of Alternative AL-3 is estimated to be $485,692. Annual costs are estimated at
$412,165 (2" year) and $272,259 (4 year). The cumulative net present vaiue of these costs over
5, 10, 15, 20, 25 and 30-year periods, including periodic costs (e.g., five-year reviews), assuming
an inflation rate of 3.0% and an initial discount rate of 5.0% for the first 15 years, then 4.0%

thereafter, are summarized below:

Cumulative Net Cumulative Net Cumulative Net
Operational Period Present Value Present Value Present Value
(-30%) (+50%)
5-Years $1,548,877 $2,212,681 $3,319,021
10-Years $2,374,037 $3,391,481 $5,087,221
15-Years $3,121,174 $4,458,820 $6,688,230
20-Years $3,925,886 $5,608,409 $8,412,614
25-Years $5,058,866 $7,226,951 $10,840,427
30-Years $5,801,671 $8,288,101 $12,432,151

A detailed breakdown of these costs is provided in Appendix D.

5.2.4 ALTERNATIVE Al-4: EBD

Alternative AL-4 involves all of the measures proposed under Alternative AL-2, plus the
injection of an agent to enhance bio-degradation (such as HRC} into the alluvium aquifer to
achieve the Site RAOs. HRC injection into the aquifer, or some other form of EBD would
stimulate biological activity and accelerate the dehalogenation process of chlorinated VOCs in
alluvial groundwater. A barrier design treatment approach is proposed for estimation
purposes, which is intended to reduce the risk associated with the downgradient migration of
COCs. For estimation purposes, HRC would be injected into the alluvium using five 2-inch
injection wells located at approximate 10-foot centers. The exact injection well locations,

configuration and injection frequency will be determined during pre-design investigations.

Site-specific information and analysis of this alternative relative to the nine NCP criteria are

provided in the following sections.
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5.2.4.1 Overdall Protection of Human Heaolth and the Environment

Implementing Alternative AL-4 would protect human health over the long term. Site RAOs
would be achieved through EBD, ICs, wellhead treatment and groundwater monitoring. There
is some uncertainty as to the timeframe required by EBD injection to meet RAOs, and the time
period may exceed 30 years. This alternative is protective of human health and the

environment.

5242 Compliance with ARARs

Alternative AL-4 through EBD, ICs, wellhead treatment, and long-term monitoring is expected
to be compliant with ARARs that regulate drinking water (e.g., SDWA and Missouri WQ5)
although the time frame for compliance is uncertain.

Remedial activities within the wetlands area include implementation of EBD (which for the
purpose of estimating includes construction of injection wells and HRC injection). These
activities will be designed to comply with location-specific and action-specific ARARs as
detailed in Appendix B. Alternative AL-4 is expected to meet all Federal, State, and local
ARARs,

5243 Long-Term Effectiveness and Permanence

The objective of the EBD proposed under Alternative AL-4 is to reduce the risk associated with
the downgradient migration of COCs at targeted areas within the alluvium. The effectiveness
of EBD would need to be evaluated as part of groundwater monitoring and five-year reviews.

As part of this ongoing monitoring/review, adjustments/cessation of EBD, the need for wellhead
treatment systems, and groundwater quality monitoring would be evaluated. Alternative AL-4

is considered moderately effective over the long term for the Site.

5244 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative AL-4 uses reductive dehalogenation processes to reduce the mass and volume of
COCs from groundwater within the alluvium and reduce concentrations to TCLs. The
effectiveness of EBD to accelerate the dehalogenation process depends on the suitability of the
Site’s geochemical and biological conditions for biodegradation of COCs. Alternative AL-4 is

considered moderately effective at satisfying this criterion.
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5.245 Short-Term Effectiveness

Alternative AL-4 requires the construction and installation of injection wells within the wetland

area. Potential for worker exposure to chemicals occurs during;:
e Drilling operations;
*  Work with the aboveground water; and

e EBD agent injection.

The drilling of injection wells may produce contaminated soil cuttings and liquids that present
some risk to workers at the Site. Long-term groundwater monitoring has minimal impact on

workers responsible for periodic groundwater sampling.

The time to achieve TCLs via this alternative depends on the suitability of the Site’s geochemical
and biological conditions for biodegradation of COCs and the rate of discharge of COCs from
the bedrock. It is anticipated that COC concentrations will exceed TCLs for a time scale of
greater than 30 years.

5.24.6 Implementability

Alternative AL-4 is theoretically, technically, and administratively implementable at the Site.
The installation of injection wells and the injection of an EBD agent into the aquifer can be
readily implemented using conventional equipment and resources. ICs that are developed as
part of this alternative may require administrative activity and legal action. ICs may be
implemented without significant delays. Long-term monitoring would not interfere with onsite
activities nor would it interfere with the implementation of future response actions within the
Site. The equipment and services to collect groundwater and water samples are commercially

available. Alternative AL-4 is readily implemented.
5247 Cost

A range of costs have been prepared to reflect an accuracy of +50% to -30% of the estimated cost
in accordance with USEPA guidance (USEPA, 1988).

Annual costs are estimated at $327,174 (2 year) and $121,995 (4" year). The cumulative net
present value of these costs over 5, 10, 15, 20, 25 and 30-year periods, including periodic costs
{e.g., five-year reviews), assuming an inflation rate of 3.0% and an initial discount rate of 5.0%

for the first 15 years, then 4.0% thereafter, are summarized below:
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. Cumulative Net Cumulative Net Cumuliative Net
Operational Period Present Value Present Value Present Value
(-30%) (+50%)
5-Years $1,075,833 $1,536,904 $2,305,356
10-Years $1,545,373 $2,207,676 $3,311,515
15-Years $2,012,325 $2,874,750 $4,312,125
20-Years $2,472,699 $3,532,427 $5,298,640
25-Years $2,952,924 $4,218,463 $6,327,694
30-Years $3,370,898 $4,815,568 $7,223,352

A detailed breakdown of these costs is provided in Appendix D.
5.2.5 ALTERNATIVE AL-5: MONITORED NATURAL ATTENUATION

Alternative AL-5 involves all of the measures proposed under Alternative AL-2, plus MNA to
achieve the Site RAQOs. Natural attenuation refers to a variety of physical, chemical, as well as
biological mechanisms (reductive dehalogenation processes), which act to reduce the mobility,
toxicity, and/or mass of COCs in groundwater. MNA refers to ongoing monitoring of
groundwater to evaluate conditions and verify/confirm that natural processes are on track to
achieve TCLs. To establish the viability of using MNA as an appropriate alternative for alluvial
groundwater will require collation and assessment of data to meet the OSWER selection criteria
(USEPA, 1997), and performance monitoring to evaluate remedy effectiveness and to ensure

protection of human health and the environment.

Site-specific information and analysis of this alternative relative to the nine NCP criteria are

provided in the following sections.
52.5.1 Overall Protection of Human Health and the Environment

Implementing Alternative AL-5 would protect human health over the long term. Site RAOs
would be achieved through a combination of MNA, ICs, and wellhead treatment. There is
some uncertainty as to the timeframe required by MNA to meet RAOs, and the period may
exceed 30 years. This alternative is expected to be protective of human health and the

environment.
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5252 Compliance with ARARs

Altemnative AL-5 through MNA, ICs, and wellhead treatment is expected to be compliant with
ARARSs that regulate drinking water (e.g., SDWA and Missouri WQS) although the time frame
for compliance is uncertain. These activities will be designed to comply with location-specific
and action-specific ARARs as detailed in Appendix B. Alternative AL-5 is expected to meet all
Federal, State, and local ARARs.

5253 Long-Term Effectiveness and Permanence

The effectiveness of MNA would need to be evaluated as part of groundwater monitoring and
five-year reviews. As part of this ongoing monitoring/review, the need for wellhead treatment
systems and groundwater quality monitoring would be evaluated. Alternative AL-5 is
considered moderately effective over the long term for the Site.

52.5.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative AL-5 uses natural attenuation processes, mainly reductive dehalogenation, to
reduce the mass of COCs from groundwater within the alluvium and reduce concentrations to
TCLs. The effectiveness of MNA depends on the suitability of the Site’s geochemical and
biological conditions for biodegradation of COCs. Alternative AL-5 is considered moderately

effective at satisfying this criterion.

5255 Short-Term Effectiveness

Alternative AL-5 requires no aboveground treatment (beyond future wellhead treatment), thus
minimizing direct worker contact with groundwater. Long-term groundwater monitoring has
minimal impact on workers responsible for periodic groundwater sampling and any risks to
workers can be controlled and mitigated by implementation of proper health and safety
measures in accordance with OSHA 1910.120. COC concentrations in groundwater are
anticipated to exceed TCLs for a time scale of greater than 30 years. Alternative AL-5 is

considered to present a minimal short-term effect.

5.2.5.4 Implementability

Alternative AL-5 is technically and administratively implementable at the Site.  Long-term
monitoring would not interfere with onsite activities nor would it interfere with the
implementation of future response actions within the Site. The equipment and services to
collect groundwater water samples from monitoring wells are commercially available. ICs that
are developed as part of this alternative may require administrative activity and legal action.
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ICs may be implemented without significant delays. Alternative AL-5 is easy to implement at
the Site.

5.2.5.7 Cost

A range of costs has been prepared to reflect an accuracy of +50% to -30% of the estimated cost
in accordance with USEPA guidance (USEPA, 1988).

There is no capital cost associated with Alternative AL-5. Annual costs are estimated at
$278,347 (2™ year) and $134,196 (4 year). The cumulative net present value of these costs over
5, 10, 15, 20, 25 and 30-year periods, including periodic costs (e.g., five-year reviews), assuming
an inflation rate of 3.0% and an initial discount rate of 5.0% for the first 15 years, then 4.0%

thereafter, are summarized below.

Cumulative Net Cumulative Net Cumulative Net
Operational Period Present Value Present Value Present Value
(-30%) (+50%)
5-Years $767,618 $1,096,597 $1,644,896
10-Years $1,184,786 $1,692,551 $2,538,827
15-Years $1,563,709 $2,233,869 $3,350,804
20-Years $1,972,752 $2,818,217 $4,227,325
25-Years $2,362,504 $3,375,006 $5,062,509
30-Years $2,733,875 $3,905,536 $5,858,304

A detailed breakdown of these costs is provided in Appendix D.

5.3 COMPARATIVE ANALYSIS OF ALTERNATIVES

The following analysis compares the FB and AL alternatives for each of the nine evaluation

criteria.

5.3.1 COMPARATIVE ANALYSIS OF FB ALTERNATIVES

A comparison of the FB remedial alternatives was made as part of the detailed analysis.
Alternatives FB-1 and FB-2 propose no or limited actions which include no active remediation
and varying degrees of institutional and access controls, wellhead treatment and long-term

monitoring. Table 5-1 summarizes the comparative analysis of FB alternatives.
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5.3.1.1 Overall Protection of Human Health and the Environment

Alternative FB-1 is not protective of human health and the environment because exposure to
contaminated groundwater would still be an open pathway. Additionally, the use of
contaminated groundwater would not be regulated or restricted. Alternative FB-2 is protective
of human health and the environment from groundwater COCs through a combination of ICs
and wellhead treatment, which limit exposure to residual COCs.

5.3.1.2 Compliance with ARARs

Alternatives FB-1 and FB-2 do not address groundwater contamination and hence, are not
compliant with chemical-specific ARARs (e.g., MCLs, State MCLs, and MDNR WQS and
GTARCs). Location-specific and most action-specific ARARs do not apply to these alternatives
because either no remedial action or no intrusive remedial actions are proposed.

53.1.3 Long-Term Effectiveness and Permanence

No reduction in COC concentrations occurs under Alternatives FB-1 or FB-2. Under both
alternatives, residual risk from COCs in groundwater would remain for an unknown period.
The risk from COC impacted groundwater is managed under FB-2 through ICs and wellhead
treatment, although ICs would be required for an indefinite time to ensure protectiveness.
Alternative FB-1 does not satisfy this criterion, while Alternative FB-2 does.

53.14 Reduction of Toxicity, Mobility and/or Volume Through Treatment

No reduction in toxicity, mobility, or volume of COCs occurs under Alternative FB-1 or
Alternative FB-2.

5.3.1.5 Short-Term Effectiveness

Alternative FB-1 creates no short-term impacts to human health because no remedial action is
proposed. Alternative FB-2 is anticipated to pose minimal short-term impacts to workers, the
public, and the environment during implementation. Human exposure to COCs is minimized
under Alternative FB-2 as the long-term monitoring program is expected to have minimal

impact on workers responsible for periodic sampling,.
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5.3.1.4 Implementability

Alternative FB-1 is the easiest alternative to implement. Alternative FB-2 is easy to implement
because it only involves groundwater monitoring and does not have any aboveground
treatment components (beyond wellhead treatment).

5317 Cost

The costs for the FB alternatives are summarized in Table 5.2. Alternative FB-1 is the less costly
of the two alternatives because there are no costs associated with this alternative.
Comparatively, Alternative FB-2 has a projected cumulative net present value over a 30-year
period of $2,248,543 (within an accuracy of +50% to -30%).

5.3.2 COMPARATIVE ANALYSIS OF AL ALTERNATIVES

A comparison of the AL alternatives was made as part of the detailed analysis. Alternatives
AL-1, AL-2, and AL-5 propose no or only limited actions beyond those already being conducted
at the Site and include no active remediation (beyond well head treatment), and varying
degrees of monitoring and institutional controls. Alternatives AL-3 and AL-4 include all the
measures proposed under alternative AL-2. However, AL-3 includes active remediation of
groundwater by extraction, treatment and discharge and alternative AL-4 includes EBD. Table

5-3 summarizes the comparative analysis of AL alternatives.
5.3.2.1 Overall Protection of Human Health and the Environment

Alternative AL-1 is not protective of human health and the environment because exposure to
contaminated groundwater would still be an open pathway and the use of contaminated
groundwater would not be regulated or restricted. Alternatives AL-2, AL-3, AL-4 and AL-5 are
all protective of human health and the environment through a combination of ICs and wellhead
treatment, which limit exposure to residual COCs. Alternative AL-3 and AL-4 further provide
migration control at targeted locations within the alluvium. Migration control RAOs would be
met under each of these alternatives, however, the degree to which migration control RAOs are
met will be further evaluated.

5.3.2.2 Compliance with ARARs

Alternative AL-1 and AL-2 do not address groundwater contamination and therefore would not
be compliant with chemical-specific ARARs that regulate drinking water quality (e.g.,, MCL,
State MCL, and MDNR WQS and GTARCs). Location-specific and most action-specific ARARS

do not apply to these alternatives because either no remedial action or no intrusive remedial
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actions are proposed. Alternatives AL-3, AL-4 and AL-5 are all expected to be compliant with
chemical-specific ARARs although the time frame for compliance varies.

5323 Long-Term Effectiveness and Permanence

No reduction in COC concentrations occurs under Alternatives AL-1 or AL-2. Under both
alternatives, residual risk from COCs in groundwater would remain for an unknown period.
The risk from COC impacted groundwater is managed under AL-2 through ICs and wellhead
treatment, although ICs would be required for an indefinite time to ensure protectiveness.

Alternative AL-1 does not satisfy this criterion, while Alternative AL-2 does.

Reduction in COC concentrations and risks do occur under Alternatives AL-3, AL-4 and AL-5,
however to varying degrees. Under Alternative AL-3, risks are reduced by creating a capture
zone that encompasses the COC impacted alluvium groundwater, thus providing containment
for the impacted groundwater and permanently removing COCs from groundwater. However,
AL-3 may induce acceleration of COC mass flux from the bedrock to alluvium that could result
in an expanded zone of COC impact in the fractured bedrock. Alternative AL-4 reduces the risk
associated with the downgradient migration of COCs at a targeted area within the alluvium.
Alternative AL-5 acts to reduce the mobility, toxicity, and/or mass of COCs in groundwater

through the alluvium.
53.24 Reduction of Toxicity, Mobility and/or Volume Through Treatment

No reduction in toxicity, mobility, or volume of COCs occurs under Alternatives AL-1 or AL-2.
Alternative AL-3 uses physical processes to remove COCs from groundwater within the
alluvium and reduce concentrations to TCLs, and has the potential to reduce the volume of
COCs and their toxicity. However, movement of groundwater in the bedrock fractures,
induced by groundwater extraction activity, may remobilize COCs and/or increase COC
transport rates. Alternative AL-4 and AL-5 uses reductive dehalogenation processes, fo reduce
the mass of COCs from groundwater within the alluvium and reduce concentrations to TCLs.
The effectiveness of AL-4 and AL-5 depends on the suitability of the Site’s geochemical and
biological conditions for biodegradation of chlorinated solvents.

5325 Shori-Term Effectiveness

Alternative AL-1 creates no short-term impacts to human health because no action is
performed. Alternative AL-2 and AL-5 are anticipated to pose minimal short-term impacts to
workers, the public, and the environment during implementation. Human exposure to COCs is

minimized under Alternatives AL-2 and AL-5 as the long-term groundwater monitoring
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program is expected to have minimal impact on workers responsible for periodic sampling.
Alternative AL-3 is anticipated to pose the greatest short-term impact to workers, the public,
and the environment during implementation. Under Alternative AL-3, environmental drilling
to install extraction wells may produce contaminated soil cuttings and liquids that present some
risk to workers at the Site. In addition, Alternative AL-3 has aboveground treatment
components, which will require construction and operation as well as a requirement to
discharge treated water to the environment. In addition, under Alternative AL-3 there is the
potential for direct contact with COCs in groundwater through the operation of the
groundwater treatment system (carbon change out and sampling activity). AL-4 requires the
construction and installation of EBD injection wells within the wetland area. Potential for
worker exposure to chemicals occurs during: drilling operations drilling operations, working
with aboveground water, and EBD agent injection.

53.2.6 Implementability

Alternative AL-1 is the easiest alternative to implement. Alternatives AL-2 and AL-5 are easy to
implement because they only involve groundwater monitoring and do not have any
aboveground treatment components (beyond wellhead treatment). Alternative AL-3 includes
groundwater extraction well installation requirements as well as treatment and treated water
discharge and monitoring requirements. Implementing Alternative AL-3 is also likely to
require system field testing to assess optimum extraction well locations, likely required
pumping rates, and likely groundwater discharge concentrations. In addition, waste
documentation and manifest preparation is required to recycle or dispose of GAC under this
alternative. Finally, Alternative AL-3 requires routine O&M, which includes system monitoring
and sampling, replacing parts and pumps pericedically, cleaning components, and replacement
of carbon for the life of the treatment system. Aiternative AL-3 is considered difficult to
implement. Alternative AL-4 requires the installation of injection wells and the injection of an
EBD agent into the aquifer, which can be readily implemented using conventional drilling
equipment and resources. Alternative AL-4 is readily implemented.

5.3.2.7 Cost

The costs for the AL alternatives are summarized in Table 5.4. Alternative AL-1 is the least
costly of the alternatives because there are no costs associated with this alternative.
Comparatively, Alternative AL-2 has a projected cumulative net present value over a 30-year
period of $1,459,393. Alternative AL-3 is the most costly of the alternatives with a cumulative
net present value of approximately $8,288,101 over a 30-year period. Alternative AL-4 has a
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projected cumulative net present value over a 30-year period of $4,815,568. Alternative AL-5
has a projected cumulative net present value over a 30-year period of $3,905,536.

5.4 SUMMARY OF REMEDIAL ALTERNATIVES

Tables 5.1 and 5.3 summarize the comparative analysis of the FB and AL alternatives,
respectively. In these tables, each alternative is ranked on a scale of 1 to 4 for each of the nine
evaluation criteria, based on the comparative analysis presented in Section 5.3. An alternative
that is considered to best meet an evaluation criterion has a higher score based upon the
following ratings scale {1 = poor; 2 = fair; 3 = good; 4 = very good). The mandatory NCP criteria,
overall protection of human health and compliance with ARARs are weighted by a factor of 10
to ensure that they have prevalence over the NCP balancing criteria. The rating of alternatives,

from highest to lowest, is as follows:

5.4.1 FRACTURED BEDROCK ALTERNATIVES

The rating of alternatives, from highest to lowest, for the fractured bedrock is as follows:

¢ Alternative FB-1 (rating = 34 points);
¢ Alternative FB-2 (rating = 63 points);

Alternative FB-1, the No Action Alternative, was carried through the FS process as a baseline
however this alternative fails to meet the mandatory NCP “overall protection of human health
and the environment” and “compliance with ARAR” criteria and as such, cannot be considered
as a viable remedial alternative for COC impacted groundwater within the fractured bedrock.

Alternative FB-2 provides overall protection of human heatth and the environment. However,
Alternative FB-2 fails to meet the mandatory NCP “compliance with ARAR” criteria, because
this alternative would not be able to reduce COC concentrations below chemical-specific
ARARs/TCLs within a reasonable time frame, and as such, similar to Alternative FB-1, cannot
be considered as a viable remedial alternative for COC impacted groundwater within the
fractured bedrock. Alternative FB-2 would be a viable remedial alternative following a USEFA
determination that it is technically impracticable to reduce COC concentrations below chemical
specific ARARs/TCLs within a reasonable time frame.

5.4.2 ALLUVIUM ALTERNATIVES

The rating of alternatives, from highest to lowest, for the alluvium is as follows:

e Alternative AL-5 (rating = 95 points);
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e Alternative AL-4 (rating = 92 points);
e Alternative AL-3 (rating = 89 points);
¢ Alternative AL-2 (rating = 63 points}
* Alternative AL-1 (rating = 34 points)

Alternative AL-1, the No Action Alternative, was carried through the FS process as a baseline
however this altemative fails to meet the mandatory NCP “overall protection of human health
and the environment” and “compliance with ARAR"” criteria and as such, cannot be considered
as a viable remedial alternative for COC impacted groundwater within the alluvium.

Alternative AL-2 provides overall protection of human health and the environment. However,
Alternative AL-2 fails to meet the mandatory NCP “compliance with ARAR” criteria, because
this alternative would not be able to reduce COC concentrations below chemical specific
ARARs/TCLs within a reasonable time frame, and as such, similar to Alternative AL-1, cannot
be considered as a viable remedial alternative for COC impacted groundwater within the

alluvium.

Alternatives AL-3, AL-4 and AL-5 provide overall protection of human health and the
environment and comply with ARARs, and as such, meet the basic NCP criteria for
consideration. In addition, these alternatives are considered to meet the Site RAQs for

alluvium.

Comparatively, Alternative AL-5 is easier to implement than Alternatives AL-3 and AL-4, is less
expensive, poses less short-term human health risks and achieves the same long-term
effectiveness and permanence. This also considers that AL-3 may induce mass flux and
mobility of COCs. Overall, the NCP defined comparative analysis between the alluvium
alternatives indicate that Alternative AL-5 (MNA) is the alternative that best meets the NCP
criteria. Prior to selecting AL-5 as the selected remedy to address COC impacted groundwater
within the alluvium, monitoring to assess natural attenuation would be required for a period of
no less than one year to evaluate the viability of this alternative. Data collected during this year
would be required to demonstrate at a minimum two of three lines of evidence, as described in
Section 4.1.2.3 to support MNA as an effective process.
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6 CLOSURE / LIMITATIONS

This report has been prepared for the exclusive use of MEW Site Trust Fund Donors as it
pertains to the MEW Site in Cape Girardeau, Missouri. Qur services have been performed
using that degree of care and skill ordinarily exercised under similar circumstances by
reputable, qualified environmental consultants practicing in this or similar locations. No other
warranty, either expressed or implied, is made as to the professional advice included in this

report. These services were performed consistent with our agreement with our client.

Opinions and recommendations contained in this report apply to conditions existing when
services were performed and are intended only for the client, purposes, locations, time frames,
and project parameters indicated. We do not warranty the accuracy of information supplied by
others or the use of segregated portions of this report.

The purpose of a geologic/hydrogeologic/chemical investigation is to reasonably characterize
existing subsurface conditions in the Study Area. In performing such an investigation, it is
understood that no investigation is thorough enough to describe all subsurface conditions of
interest at a given site. If conditions have not been identified during the investigation, such a
finding should not, therefore, be construed as a guarantee of the absence of such conditions at
the Study Area, but rather as the result of the services performed within the scope, limitations,
and cost of the work performed.

In regard to geologic/hydrogeologic/chemical conditions, our professional opinions are based in
part on interpretation of data from discrete sampling locations. It should be noted that actual

conditions at unsampled locations may differ from those interpreted from sampled locations.

Respectfully submitted,
KOMEX
%mm
Paul Hardisty, Ph.D., P.Eng.
Project Director
Fractured Bedrock and Alluvium é-1
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Janaka Jayamaha, a Remediation Engineer with Komex, with expertise in contaminant
assessment and remediation prepared the report with the title “Fractured Bedrock and
Alluvium Groundwater Remediation Feasibility Study, Missouri Electric Works, Cape
Girardeau, Missouri,” dated July 7, 2005. Ralph M. Beck, a Missouri Registered Geologist,
Senior Project Geologist with Komex, reviewed the report. His signature and stamp appear
below.

/ Yanakd {yamaha
Remgdiation Engineer

July 2005

Ralpm. Beck, RG. /
Senior Geologist

July 2005

AALPH M. BE
~ ECK
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TABLE 2.1

CONSTITUENTS OF CONCERN AND TARGET CLEANUP LEVELS
MISSOURI ELECTRIC WORKS (MEW) SITE

Observed

Potentlal TCis
Concentration | Humaon Health Risk ARARS Basls for
cOoCs Maximum For 108 ICLR of HI = 1 | SDWA MCL] MDNR MCL|MDNR WGQ'S|MDNR GTARC RL M)T%t;:ed m;%{::ed
{vg/L) (Ugﬂ.) {ug/L} {vg/L) {vg/l) (U’Qﬂ-) (va/L) (ug/L) {ug/L)
Defected PCB, VOCs and SVOCs -
1.2,4 Trichlorobenzene &2 0.17 70 70 70 70 0.40 70 MCL
1.3-Dichlorobenzene 100 28 - - - - 1.20 28 Risk-Based
1.4-Dichlorcbenzene 120 2.9 75 75 75 75 0.30 75 MCL
2-Chlorophenol ?) 8.9 - - 0.1 40 10 10 RL
Aroclor 1260 110 0.002 0.5 0.5 0.000045 0.5 0.5 0.5 MCL
Benzene 83 0.97 5 5 5 5 0.40 5 MCL
Bis{2-Chloroethyl) Ether &) 0.02 - - 0.3 0.03 10 10 RL
Bis{2-ethylhexyljphthalate 120 1.9 - - é é 10 10 RL
Chlorobenzene 3,200 2.1 100 100 - 100 0.40 100 MCL
Chloroform 13 0.4 - - - 80 0.30 80 GTARC
Naphthalene 8.7) 0.3 - - - 100 10 100 GTARC
N-Nitrosodi-n-propylamine 8.1} 0.02 - - - - 10 10 RL
Tetrachloroethene 8.6 0.02 5 5 5 5 1.40 5 MCL
Trichloroethene 13 Q.17 5 5 3 5 1.90 5 MCL
Not Detected PCBs, VOCs and $VOCs
1.2-Dichloroethane - 0.22 5 5 5 5 5 5 MCL
1,2-Dichioropropane - 0.015 5 5 - 5 5 5 MCL
2,4, 6-Trichlorophenol - 0.1 - - 2 0.3 10 10 RL
2.4-Dinitrotoluene - 0.26 - - 0.1 0.05 10 10 RL
2.6-Dinitrotoluene - 0.04 - - - 0.05 10 10 RL
3.3-Dichlorobenzidine - 0.74 - - 0.04 0,04 20 20 RL
4,6-Dinitro-2 Methyl Phenol . 0.18 - - - - 50 S0 RL
Aroclor 1016 - 0.05 0.5 0.5 0.000045 0.5 1 1 RIL>MCL
Aroclor-1221 - 0.13 0.5 0.5 0.000045 0.5 0.5 0.5 MCL
Aroclor-1232 - 0.13 0.5 0.5 0.000045 0.5 0.5 0.5 MCL
Aroclor-1242 - 0.01 0.5 0.5 0.000045 0.5 0.5 0.5 MCL
Fraciured BedroCk and Alluvium Poge 1 ol 2
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KOMEX MEW Site File

3DISC104259

TABLE 2.1

CONSTITUENTS OF CONCERN AND TARGET CLEANUP LEVELS
MISSOURI ELECTRIC WORKS (MEW) SITE

Observed Polential TCLs
Concentration | Human Health Risk ARARs Basis for
cocs Maximum | For 10 ICLR or HI = 1 |SDWA MCL|MDNR mCL{MONR was|mDNR GTARC]  RL ""T%‘:?d Proposed
(ug/L) (ug/L) (o/) | o) | wom [ wemy | WA | o | (ugn
Not Detecled PCBs, VOCs and SVOCs
Aroclor-1248 - 0.02 0.5 0.5 0.000045 0.5 0.5 0.5 MCL
Aroclor-1254 - 0.0004 0.5 0.5 0.000045 0.5 0.5 0.5 MCL
Benzo|a)anthracene - 0.05 - - - 0.0044 10 10 RL
Benzo{a)pyrene - 0.003 0.2 0.2 0.2 0.2 10 10 RL>MCL
Benzo{b) fluoranthene - 0.08 - 0.0044 0.0044 10 10 RL>GTARC
Benzolk)fluoranthene - 0.15 - - 0.0044 (.0044 10 10 RL>GTARC
Dibenzo{g,h)Anthracene - 0.0009 - - 0.0044 0.0044 10 10 RL>GTARC
Hexachloro-1,3-Butadiene - 0.05 - - - 1 10 10 RL=GTARC
Hexachlorolbenzene - 0,01 1 1 1 1 10 10 RL>MCL
Indeno(1,2,3-cd)Pyrene - 0.04 - - 0.0044 0.0044 10 10 RL>GTARC
Nitrobenzene - Q.18 - - 17 17 10 17 GTARC
Pentachlorophenol - 0.13 i 1 1 1 50 50 RL>MCL
Vinyl Chloride - 021 2 2 2 2 5 5 RL>MCL
Abbreviations: Notes:

1. Human-Heaith Bosed TCLs are based on the results of the Boselline Human Heatth Risk

1.7CLs - Target Cleanup Levels )
9 P Assessment, and were established such that each COC has a hozrad quotient (HQ) of 0.05 o

2. ARARs - Applicable or Relevant and Appropriate Requrement less and a carcinogenic risk contibution of less than 10-6, and that the cumuladive sife risk

3. COC - Constituent of Concern levels fall within the USEPA acceplable risk range of less than T and 10-4 1o 10-6 for HI and

4, LCR - Incremental Lifetime Cancer Risk ICLR. respectively. Calculations ond an explanation of the calculated "human haalth risk”

5. Hi - Hozard tndex values are enclosed os AppendixE.

6. ug/L - microgram per liter 2. Analytical RLs presented for VOCs and PCBs are one order of mognitude greater than the
7. SDWA - Safe Drinking Water Ac: method detection limits (MOLs) detailed in USEPA's SW-B46 documentation for Methods

8. MNDR - Missouri Department of Natural Resources 8260B and 8082, respectively. Analylical RLs presented for SYOCs are equivalent to the

2. MCL - maximurn contaminant level estimated quantitation limits {EQLs) detailed in USEPA's SW-846 documentation for methods
10. GTARC - Groundwater Target Cleanup Level 8270C.

11. RL - reporting limit

Fraciured Bedrock and Alkvium Page 2 of 2
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KOMEX

General Response Action

——
Remedial Technology Type

Process Option

TABLE 3.1

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR FRACTURED BEDROCK

MISSOURI ELECTRIC WORKS {(MEW) SITE

~EE
Description

e

Screening Comments

No Action

Not Applicable

Not Applicable

No activities taken to address groundwater contamination., Does
not achieve RADS.

Retained for baseline comparison purposes in accordance with
NCP,

Limited Action

Institutional Controls

Lond and Resource Use Restrictions

Legal or administrative enforcement preventing or restricting certain
uses of the land and resources.

Potentially opplicable. Retained for further evaluation.

Long-Term Monitoring

Groundwater Monitoring

Periodic groundwater menitoring fo assess changes in groundwater
quality that could be attributable to COC leaching. migration,
natural attenuation processes, or active remediation.

Potentially applicable. Retained for further evaluation.

wellhead Treatment

Wellhead Treatment Systems

Install wellhead treatment systems at future water supply wells that
have the potential to yield impacted groundwater.

Potenticlly applicable. Retained for further evaluation.

Containment

tow Permeability Cap

Clay/Sail

Compacted clay and soil cover installed aver COC source areas to
limit infiltration/recharge {used in association with verlical barriers
discussed below]. Generally does not limit leaching of COCs from
srear zone into groundwater. Prone fo weathering.

Potentially applicable, Retained for further evaluation.

Asphalt

Asphalt laid over COC source aregs. Relatively effective method for
limiting infiltration and leaching of COCs from vadose zone into
groundwater. Asphalt is susceptible to weathering and cracking.
Generally does not limit leaching of COCs from the smear zone. No
reduction of COCs.

Potentially applicable. Retained for further evaluation.

Concrete

Concrete laid over COC source areas. Very effective method for
limiting infiltration ond leaching of COCs from vadose zone into
groundwater. Concrete is susceptible to weathering and cracking.
Generally does not limit leaching of COCs from the smear zone. No
reduction of COCs. Relafively expensive capping option,

Potentially applicable. Retained for further evaluation.

Geosynthetic/ Multimedia

Geomembrane and geotextile materials installed over COC source
areq. Effective method for limiting infiltration ond leaching of COCs
from vadose zone into groundwater, Least susceptible to
weathering and cracking. Does not limit leaching of COCs from the
smear zone. No reduction of COCs, and generally an expensive
capping opfion.

Potentially applicable. Retained for further evaluation.

Vertical Barriers

Slurry Wall

A subsurface vertical wall consfructed by filing o vertical excavated
trench with a siury to prevent collapse of the trench walls. The wall,
which is often keyed into a clay or competent bedrock. is backfilled
with low-permeability material to form a subsurface vertical barrier
which is used to contain or divert lateral groundwater flow.

Eiminated. Requires excavation within the bedrock to below
groundwater [>40 feet bgs), Excavation will require blasting. Not
technically feasible due to excavation requirement within the
fractured bedrock to the depths required and the potential to
remobilize COCs as a consequence of the blasting requirement.

092+012514¢E
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KOMEX

-
Generagl Response Aclion

— o — _——
- Remedial Technology Type

TABLE 3.1

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR FRACTURED BEDROCK

—

Process Option

.
Description

MISSOURI ELECTRIC WORKS (MEW) SITE

Screening Comments =

Containment (cont.)

Vertical Barriers {cont.)

Sheet Pile wall

A subsurface vertical wall constructed by driving vertical sheets of
steel into the ground and joining the sheets together using sealants
such as grout or cement. The wall is used to contdin or diverf the
lateral flow of groundwater.

Eiminated. The construction of a sheet pile wall into bedrock
{excavation or driven} is not considered technically feasible.

Grout Curtain Wall

A subsurface vertical wall constructed by injecting a grout mixture
into soil pores under pressure to form o cemetious mass. The wall is
used to contain or divert the lateral flow of groundwater,

Eliminated. Requires injection of grout under pressure into bedrock
fractures with the potential to remobilze and/or create additional
COC migration pathways in the bedrock. In addition, uncertainties
exists concerning the viabiiity of grouting all fractures . Not
technically feasible due to difficulties associated with forming o
continuous grout curtain in @ fractured bedrock without remobilizingl
COCs.

Collection

Extraction (Groundwater Pumping)

Vertical-Drilled Extraction Wells

Widely used, effective method for COC impacted groundwater
migration control and mass removal from the aquifer. Vertically
drilled wells equipped with groundwater extraction pumps for
collection and/or hydraulic control of COC impacted groundwater,

Potentially Applicable. Site requirements and conditions,
specifically the requirement to reach specified driling targets
(fracture zones) in the fractured bedrock limit the feasibility of this
process oplion. Angled wells are judged to have an advantage
over vertical wells in terms of likelihood of intersecting fractures and
achieving plume ¢apture. Due to the complexity of the fracture
systern and the distribution of COC within fractures, pumping of
groundwater in fractured bedrock runs considerable risk of
redistributing COCs into unimpacted fractures and furthrer
spreading the plume Iaterally, in ways that cannot be predicted or
monitored. Although potentially applicable this, and any remedy
which relies on pumping of groundwater in the fractured bedrock,
inherently has the potential for worsening the overall situation within
the study area.

Horizontal/ Angle-Drilled Extraction
Wells

Wells drilled horizontally or on an angle offset from vertical; originally
developed by the oil and gas industry. Effective at locating well
screens where structures and subsurface features would require the
installgtion of a larger number of vertical-diilled wells to achieve the
same objective. Groundwater extraction achieved using
groundwater extraction pumps.

Potentially Applicable Specific driling targets {fracture zones)
necessitating honizontal/angle driled wells are apparent. As such,
this technology is likely to provide an advantage over conventional
vertfical drilled wells. Due o the complexity of the fracture system
and the distribution of COC within fractures, pumping of
groundwater in fractured bedrock runs corsiderable risk of
redistributing COCs into unimpacted fractures and furthrer
spreading the plume laterally, in ways that cannot be predicted or
monitored. Although potentially applicable this, and any remedy
which relies on pumping of groundwater in the froctured bedrock,
inherently hos the potential for worsening the overall situation within
the study area.

Interceptor Trench

Perforated horizontal pipe installed within a subsurface trench
backfiled with permeable material to collect COC impacted
groundwaterl. Vertical groundwater collection wells which intercept
the perforated horizontal pipe. extract groundwater using pumps.

Biminated. Requires excavation within the bedrock to below
groundwater (>40 feet bgs). Excavation will require blasting. Not
technically feasible due to excavation requirement within fractured
bedrock to the depths required.and the potential to remobilize
COCs as o consequence of the blosting requirement.

192¥01051Q¢
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KOMEX

TABLE 3.1

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR FRACTURED BEDROCK

MISSOURI ELECTRIC WORKS (MEW) SITE

e
General Response Action

Remedial Technology Type

Process Opfion

Description

Screeniﬂg Con-':ments

Collection {Cont.)

Dual Phase Extraction

Dual Phase Extraction

Vertical extraction wells configured as dual phase extraction wells,
Groundwater and vapors are removed using high vacuum systems
or a combination of vaccum and groundwater extraction pumps.
Dual phase extraction is applicable for COCs above and below the
water table, The systern is commenly configured as a lew-vacuurn
technology. high vacuum technology or as a two phase system
{combination of groundwater pumps and vacuumj.

Potentidlly applicable. Retained for further evaluation.

Enhanced Extraction

Hydraulic/ Pneumatic Fracturing

Techniques adopted from the oil and gas industry to increase the
permeability of silts, clays and rock by injecting highly pressurized
fluid, such as sand/fwater slurry or air, 1o extend existing fractures and
to create a secondary network of fissures and channels.

Eiminated. Requires injection of Ruid (water} or gas (air) under
pressure into bedrock fractures with the potential to remobilze
and/or create additional uncontrolled COC migration pathways in
the bedrock.

Explasive Fracturing

Detonation of explosives in boreholes to create an intensely
fractured area of bedrock, thereby improving the
interconnectedness of fractures and the potential yields of
extraction wells.

Biminated. Potential to create additional uncontrolled COC
migration pathways and subsequent remobilization of COCs.

Ex-Situ Treatment

Fractured Bedrack and Allyviurm
Groundwater Remediation FS

Physical Treatment

Separation (Suspended Solids
Filtration)

Effective method for the removal of suspended solids and metals to
profect downstream treatment processes. Commeon filters include
bag filters, sard filkers and bowl filters.

Eiminated. Not an gpplicable technology for the treatment of Site
COCs. However, may be retained as o common groundwater pre-
treatment technology.

Separation [Membrane
Pervaporation/ Reverse Osmosis)

Potentially effective method for removal of both organic and
inorganic dissolved COCs. System uses permeable membranes to
remove COCs from groundwater {membrane pervaporation). A
modification of the system forces groundwater through the
membran under pressure (reverse osmosis), Groundwater must be
pre-treated for removal of high dissolved phase iron concentrations,

Eiminated. Higher cost compared to other ex-situ options, which
can provide a similar or greater level of treatment

Aeration Proven ond relioble pre-freatment method for the reduction of Eiminated. Not an applicable technology for the treatment of Site
certain metal concentrations |e.g. iron) to protect downstream COCs. However, may be retained as a common groundwater pre-
treaiment processes from fouling or scaling. Requires follow-up treatment technology.
clorification and/or filtration which generates sludge. May require
collection and freatment of generated VOC vapors.

Alr Stripping Transfer of vOCs from the aqueous phase to the vapoer phase by Potentially applicable. USEPA considers air stripping to be a
contacting air with water, typically in a countercumrent manner presumptive technology for ex-situ treatment of dissolved VOCs in
using packed towers or bubble tray aerators. groundwater. Retained for further evaluation.

Carbon Adsorption Removal of dissolved COCs from groundwater by adsorption onto Potentially applicable. USEPA considers granular activated carbon

granular activated carbon.

e

adsorption to be a presumptive technology for ex-situ treatment of
dissolved organic COCs in groundwater. Retained for further
evaluation,

292+01051d¢€
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KOMEX

TABLE 3.1

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR FRACTURED BEDROCK

MISSOURI ELECTRIC WORKS (MEW) SITE

General Response Action

. -
Rernedial Technology Type

Process Option

—
Descripfion

- —
Screening Comments |

Ex-Situ Treatment (cont.)

Physical Treatment {cont.)

Resin Adsorption [Vapor Tfreatiment)

Removes VOCs from a vapor strearm by adsorption onto a
redeemabile synthelic resin media. Developed for the solvent
recovery industry, the technology can be used for remediation
projects when VOC concentrations are higher than for typically
acceptable for activated carbon.

Eiminated. COC concentrations are expected to be foo low for
cost effective implementation of this technology.

Chemical Treatment

Precipitation/ Coagulation/
Flocculation

Use of chemicals to cause groundwater COCs to precipitate out of
solution. Coagulant ond flocculant chemicals are used to increase
the precipitate particle size/mass to ease subsequent seperation
Processes.

Eliminated. Not readily applicable to Site COCs.

Chernical Oxidation

sodium hypochlorite or potassium permanganate to convert
dissolved organic compounds into innocuous end products. Can
also be used to oxidize and precipitate iron and manganese for
subsequent removal by filtration.

Use of chemical oxidizing agenis such as ozone, hydrogen peroxide,

Potentially applicable. USEPA considers chemical oxidation to be o
presumptive technology for ex-situ freatment of dissolved organic
COCsin groundwater. Retained for further evaluation.

Advanced Oxidation

Use of strong oxidizers, such as ozone or hydrogen peroxide, often in
conjunction with ultraviclet light to promote faster and more
complete desfruction of dissolved organic compounds.,

Potentially applicable. USEPA considers advanced oxidation to be
presumplive technology for ex-situ treatment of dissolved organic
COCs in groundwater. Retained for further evaluation,

Biclogical Treaiment Aerobic Reactor Microorganisms and oxygen are used 1o degrade organic COCs in Eliminated. Not readily applicable to Site CQOCs. |
either a suspended growth or aftached growth reactors, which
include activated sludge and sequencing batch reacters, Biomass
is kept suspended using mechanical or diffused aeration. In
attached growth reactors, which include trickling filters and rotating
biological contactors, biomass is attached to a solid substrate
Discharge Beneficial Re-Use On-Site Use Re-use of reated groundwater at the Site. Eiminated. Nc on-Site re-use scenarios are apparent,
Off-Site Use Re-use of freated groundwater off-site Blirminated. N¢ off-Site re-use scenarios are apparent.
Surface Discharge Direct Discharge Discharge of treated groundwater to the Wetland Creek Potenticlly applicable. Retained for further evaluation,
Indirect Discharge Discharge of tfreated groundwater to a POTW, which in tum Potentially applicable. Retained for further evaluation.
discharges to a surface water body.
Subsurface Discharge Injection Well {Pressurized) Discharge of reated groundwater to the subsurface using injection | Bliminated. Injection wells are prone fo fouling and plugging by
wells. biomass and/or mineral scale. Process option is difficult to maintain.
InSitu Treatment Physical Treatment Alr Sparging In-situ air stripping of volatile COCs by injection of compressed air Eliminated. Site conditions preclude the use of this process option.
into groundwater. vOCs which partition info the rising air are Injection of air into fractured bedrock may re-mobilize COCs, and
collected by o vacuum extraction system installed in the complete collection of off gas may not be possible. 8
unsaturated zone, el %
o
—h ¥
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INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR FRACTURED BEDROCK

TABLE 3.1

MISSOUR! ELECTRIC WORKS (MEW) SITE

General Response Action

Remedial Technology Type

Process Oplion

Description

St:reerlin_gr Com':nenis

n-Situ Treotment {cont.)

Fractured Bedrock and Alluviurn

Physical Tregtment

In-Well Air Stripping

Use of double-cased well with an upper and lower screen into
which compressed air is injected at depth. The injected air lifts the
water in the well and causes 1t to flow out the upper screen, Volaﬁle1
COC:s are partially stripped through the aqir lift process. Vopors are
drawn off by a vacuum exiraction systern and freated. The
discharge of waier from the upper screen and intake of water
through fhe lower screen establishes an in-situ hydraulic circulation
cell through which groundwater is repeatedly circulated and
treated.

Eiminated. In-well air stripping is considered to be a pilot-scale
technology. Lack of performance data in similar hydrogeologic
setting. Site-specific concems regarding the potential for fouling by
iron precipitation,

Chemical Treatment

Permeable Reactive Barriers

Installation of an engineered, subsurface treatment zone across the
flow pafh of a dissolved COC plume. As groundwafter passes
through the zone, it is freated in-situ by reactive media such as zero-
valent iron, or by injection of axygen, chemicals. or nutrients, Often
used in conjunction with impermeable wall sections {funnels) to
force groundwater to flow through the permeable sections {gates).

Eiminated. Requires injection of chemicals under pressure into
bedrock fractures with the potential to remobilze and/or create
additional COC migration pathways., May require excavation
within the bedrock to below groundwater [>40 feet bgs).
Excavation will require biasting. Not technically feasible due to
excavation requirement within fractured bedrock to the depths
required.

Thermal Treatment

Steam Injection

Pilot and field demonstration process option. Stearn is forced into
the soturated zone to vaporize COCs. Groundwater vapors (and
COCs) are collected under vacuum,

Eliminated. Saturated zone thermat treatment is considered to be @
pilot-scale technology. Lack of performance data in similar
hydrogeologic setting.

Six Phase Heating

Process option commeonly applied to the vadoze zone to treat
COCs. Field demenstrations have been applied to the saturated
zone. Six phose heating uses electrical resistivity heating to raise the
temperature of the saturated zone to o point suffficient to boil
groundwater. Groundwater vapors (and COCs} are collected
under vacuum,

Eiminated. Saturated zone thermal treatment is considered fo be a
pilot-scale technology. Lack of performance data in similar
hydrogeologic setting.

Biological Treatment

Enhanced Biodegradation

Enhanced bicdegradation attempis to accelerate natural
biodegradation of organic COCs fo innocuous end products by
providing nutients, electron acceptors and/or microarganisms.
Often involves air injection below the water table o increase
oxygen concenfrations.,

Eliminated. Injection of nutrients, oxygen, and oxygen enriched
water may re-mobiiize COCs.

Monitored Natural Attenuation

- _ -

Reliance on naturally occurring subsurface processes that act to
reduce the mass, toxicity, and volume of COCs in groundwater.
These processes include biodegradation, dispersion, dilution,
sorption, and volatilization. Typically requires long-term meonitoring to
verify performance.

Potentially applicable. Retained for further evaluation,

y92+01051d¢E
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TABLE 3.2

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR ALLUVIUM

MISSOURI ELECTRIC WORKS (MEW) SITE

General Response Action
No Action

Remedial Technology Type

Process Opli-:n

-

Description

Screening Commenis

Not Applicable

Not Applicable

No activities taken to address groundwater contamination, Does
not achieve RAOS.

Retained for baseline comparison purposes in accordance with
NCP.

il

Limited Action

Institutional Controls

Land and Resource Use Restrictions

Legal or administrative enforcement preventing or restricting certain
uses of the land and resources.

Potentidily applicable. Retained for further evaluation.

Long-Term Monitoring

Groundwater and Surface Water
Monitoring

Periodic groundwater monitoring to assess ¢changes in groundwater
quaiity that could be attributable to COC leaching, migration,
natural altenuation processes, or active remediation,

Potentially applicable. Retained for further evaluation,

Wellhead Treatment

welheod Treatment Systemns

Install wellhead treatment systems at future water supply wells that
have the potential to yield impacted groundwater,

Potentially applicable. Retained for further evaluation,

Containment

Low Permeability Cap

Clay/Soil

Compacted clay and soil cover installed over COC source areas to
limit infiltration/recharge [wsed in association with vertical barriers
discussed below). Generdlly does not imit leaching of COCs from
smear zone into groundwater. Prone to weathering.

Eliminated. Not an applicable technology, COC impacted soail
source area not identified in the alluvium

Asphalt

Asphalt laid over COC source areas. Relatively effective method for|
limiting infiltration and leaching of COCs from vadose zone info
groundwater. Asphalt is susceptible to weathering and cracking.
Generally does not limit leaching of COCs from the smear zone, No
reduction of COCs.

Efiminated. Not an applicable technology, COC impacted soil
source area not identified in the alluvium

Concrete

Concrete laid over COC source areas. Yery effective method for
limiting infitration and tleaching of COCs from vadose zone into
groundwater. Concrete is susceptible to weathering and cracking.
Generally does not limit leaching of COCs from the smear zone. No
reduction of COCs. Relatively expensive capping option.

Eliminated. Not on applicable technology, COC impacted soil
source area not identified in the alluvium

Geosynthetic/ Multimedia

Geomembrane and geotextile materials installed over COC source
area., Effective method for limiting infiltration and leaching of COCs
from vadose zone into groundwater. Leost susceptible to
weathering and cracking. Does not fimit leaching of COCs from the
smear zone. No reduction of COCs, and generally an expensive
capping opfion,

Eliminated. Not an applicable technology, COC impacted soil
source area not identified in the alluvium

Vertical Barriers

Fractured Bedrock and Alluvium
Groundwater Remediation FS

Slumy wall

T — e

A subsurface vertical wall constructed by filling a vertical excovated
trench with & slurry to prevent collapse of the trench walls. The wall,
which is often keyed inte a clay or competent bedrock, is backfiled
with low-pemeability material fo form a subsurface vertical barrier
which is used to contain or divert lateral groundwater flow,

Potentially applicable. Retained for further evaiuvation.

Page 1 of &
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ﬁ Generai Resp onse Action

Containment {cont.)

Vertical Barriers [Cont.

Process Oplion
Sheet Pile Wall

TABLE 3.2

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR ALLUVIUM

MISSOURI ELECTRIC WORKS (MEW) SITE

Description
A subsurface vertical wall constructed by driving vertical sheets of
steel inta the ground and jeining the sheets together using sealants
such as grout or cemend. The wall is used to contain or divert the
lateral flow of groundwater.

— Screening Comments
Eliminated. The construction of a sheet pile wall to depths in excess
of 70 feet bgs is not considered technically feasible.

Grout Curtain Wall

A subsurface vertical walt constructed by injecting a grout mixture
into soif pores under pressure to form a cemetious mass. The wall is
used to contain or divert the lateral flow of groundwater.

Himinated. Unlikely to provide an advantage over conventional
vertical-drilled extraction wells.

Collection

Extraction [Groundwater Pumping)

Vertical-Drilled Extraction wells

Widely used, effective method for COC impacted groundwaier
migration control and mass removal from the aquifer. Vertically
drilled wells equipped with groundwater extraction pumps for
collection and/or hydrauiic control of COC impacted groundwater.

Potentially applicable. Retained for further evaluafion.

Horizontal/ Angle-Drilled Extraction
Wells

Wells drilled horizontally or on an angle offset from vertical; criginally
developed by the oil and gas industry, Effective at locating well
screens where siructures and subsurface features would require the
installation of a larger number of vertical-drlled wells 1o achieve the
same objective. Groundwater extraction achieved using
groundwater extraction pumps.

Eiminated. Specific drilling targets {fracture zones) necessitating
horizontal/angle-drilled weills are not apparent. As such, this
technology is unlikely to provide an advantage over conventional
vertical-drilled wells.

Interceptor Trench

Perforated horizontal pipe installed within a subsurface french
backfilled with permeable material o collect COC impacted
groundwater. Vertical groundwater collection wells which intercept
the perforated horizontal pipe, extract groundwater using pumps.

Potentially applicable. Retdined for further evaluation.,

Dual Phase Extraction

Dual Phase Extraction Wells

Vertical extraction wells configured as dual phase extraction wells.
Groundwater and vapors are removed using high vacuum systems
of a combination of vaccum and groundwater extraction pumps.
Dual phase extraction is applicable for COCs above and below the
water table. The system is commonly configured as a low-vacuum
technology. high vacuum technology or as a two phase system
(combination of groundwater pumps and vacuumy.

Eliminated. Slurry wall considered more effective and generally
better representative of vertical bamiers.

Enhanced Extraction

Fractured Bedrock and Aliuviom

Hydrauiic/ Pneumatic Fracturing

Technigues adopted from the oil and gas industry to increase the
permeability of silts, clays and rock by injecting highly pressurized
fluid, such as sand/water slurry or air, to create a secondary netwaork
of fissures and channels.

Eliminated. Specific needs necessitating hydraulic/pneumatic
fracturing are not apparent. As such, this technology is unlikely to
provide an advanfage over conventional collectionproces options.

992¥010SIQE
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TABLE 3.2

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR ALLUVIUM

— —
General Response Action Remedial Technology Type

Process Oplion

Description

MISSOURI ELECTRIC WORKS {MEW) SITE

Screening Comments

Collection (cont.) Enhanced Extraction [cont.)

Explosive Fractunng

Detonation of explosives in boreholes to create an intensely

fraciured areo, thereby improving the potential vields of extraction
wells,

Eiminated. Specific needs necessitating explosive fracturing are not
apparent, As such, this technology is unlikely to provide an
advantage over conventional collection process options.

Ex-Situ Treatment Physical Treatment

Separation {Suspended Solids
Filtration)

Effective method for the removal of suspended solids and metals to
protect downstream freatment processes. Common filters include
bag fitters, sand filters and bow filters.

Biminated. Not an applicable technology for the treatment of Site
COCs. However, may be retained as a common groundwater pre-
treatment technology.

Separation (Membrane
Pervaporation/ Reverse Osmosis)

Potentially effective method for removal of both orgonic and
inorganic dissolved COCs. System uses permeable membranes to
remove COCs from groundwater [membrane pervoporation). A
modification of the system forces groundwater through the
membran under pre

Eiminated. Higher cost compared to other ex-situ options, which
can provide a similar or greater level of treatment

Aeration

Proven and reliable pre-treafment method for the reduction of
certain metal concentrations {e.g. iron) to protect downstream
treatment processes from fouling or scaling. Requires follow-up
clarification and/or filtration which generates sludge. May requ

Biminated. Not an opplicable technology for the treatment of Site
COCs. However, may be retained as o common groundwater pre-
trealment technology.

Air Stripping

Transfer of VOCs from the aqueous phase to the vapor phase by
contacting air with water, typically in a countercurrent manner
using packed towers or bubble tray aerators,

Potentially applicable. USEPA considers granular activated carbon
adsorption to be a presumptive technology for ex-situ freatment of

dissolved organic COCs in groundwater. Retained for further
evaluation.

Carbon Adsorplion

Removal of dissolved COCs from groundwater by adsorplion onto
granular activated carbon.

Potentially applicable. Retained for further evaluation.

Physical Treatment (cont.}

Resin Adsorption {Vapor Traatment)

Removes YOCs from a vapor stream by adsorption onto a
redeemable synthetic resin media. Developed for the solvent
recovery industry, the technology ¢an be used for remediation
projects when VOC concentrations are higher than for typically
acceptable for activated carbon.

Eliminated. COC ¢concentrations are expected to be too low for
cost effective implementation of this technology.

Chemical Treatment

Precipitation/ Coagulation/
Flocculation

Use of chemicals to cause groundwater COCs to precipitate out of
solution. Coagulant and flocculant chemicals are used to increase
the precipitote particle size/mass to ease subsequent seperation
processes.

Biminated. Not readily applicable to Site COCs.

Chemical Oxidation

Use of chemical oxidizing agents such as ozone, hydrogen peroxide,
sodium hypochlorite or potassium permanganate to convert
dissolved organic compounds into innocuous end products. Can
also be used o oxidize and precipitate iron and manganese for
subsequent removal by filtration.

Potentially applicable. USEPA considers chemical oxidation to be a
presumptive technology for ex-situ freatment of dissolved organic
COCs in groundwater. Retained for further evaluation.

£92+01251d¢E
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General Response Action
Ex-Situ Treatment [cont.)

Chemical Treatment {cont.)

Process Option

TABLE 3.2
INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR ALLUVIUM

MISSOURI ELECTRIC WORKS (MEW) SITE

Description

=$creening_¢ommenfs

Advanced Oxidation

Use of strong oxidizers, such as ozone or hydrogen peroxide, often in
conjunction with uliraviolet light to promote faster and more
complete destruction of dissolved organic compounds.

Potentially applicable. USEPA considers advonced oxidation fo be
presumptive technology for ex-situ freatment of dissolved organic
COCs in groundwater, Retained for further evalyation.

Biclogical Treatment

Aerobic Reactor

Microorganisms and oxygen are used to degrade organic COCs in
either a suspended growth or attached growth reactors, which
include activated sludge and sequencing batch reactors. Biomass
is kept suspended using mechanical or diffused aeration. In
attached growth reactors, which include frickling filters and rotating
biological contactors, biomass is attached to a solid substrate

Eliminated. Not readily applicable to Site COCs,

Discharge Beneficial Re-Use

On-Site Use

Re-use of treated groundwater at the Site.

Eliminated. No on-Site re-use scenarios are apparent.

Off-Site Use

Re-use of treated groundwater off-site

Eiminated. No off-Site re-use scencrios are apparent.

Surface Discharge

Direct Discharge

Discharge of treated groundwater to the Wetland Creek

Potentially applicable. Retained for further evaluation,

Indirect Discharge

Discharge of treated groundwater to a POTW, which in fum
discharges to a surface water body.

Potentially applicable. Retained for further evaluation.

Subsurface Discharge

Injection Well [Pressurized)

Discharge of freated groundwater to the subsurface using injection
wells.

Eliminated. Injection wells are prone to fouling and plugging by

biomass and/or mineral scale. Process option is difficult fo maintain.

In-Situ Treatment Physical Treatment

Air Sparging

In-situ air stripping of volatile COCs by injection of compressed air
into groundwater. VOCs which partition into the rising air are
collected by a vacvum extraction system installed in the
unsaturated zone,

Eliminated. Site conditions preclude the use of this process option,
Interbedded clays, silts and sands, commonly found in alluvial
sediments potentially result in poor air sparge off gas collection.

Physical Treatment

In-Well Air Stripping

Use of double-cased well with an upper and lower screen into
which compressed air is injected at depth. The injected air lifts the
water in the well and causes it to flow out the upper screen, Volatile]
COCs are partially stripped through the air lift process. Vapors are
drawn off by a vacuum extraction system and treqted. The
discharge of water from the upper screen and intake of water
through the lower screen establishes an inssitu hydraulic circulation
cell through which groundwater is repeatedly circulated and
treated.

Eliminated. In-well air stripping is considered to be g pilot-scale
technology. Lack of performance dota in similar hydrogeologic
setting.

Chemical Treatment

Fractured Bedrock and Alluvium
Groundwater Remediation F3

Permeable Reactive Barriers

Installation of an engineered, subsurface treatment zone across the
flow poth of a dissolved COC plume. As groundwater posses
through the zone, it is freated in-situ by reoctive media such as zero-
valent iron, or by injection of oxygen, chemicals, or nutrients, Often
used in conjunction with impermeable wall sections (funnels) fo
force groundwater to flow through the permeable sections {gates).

Potentially applicable. Retained for further evaluation.
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General Response Aclion
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TABLE 3.2

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR ALLUVIUM

MISSOUR| ELECTRIC WORKS (MEW) SITE

— - —
Remedial Technology Type

Process Opfion

. _

Descripiion=

Screening Commenis

In-Situ Treatment (cont.)

Thermal Treatment

Steam Injection

Pilot and field demeonstration process option. Steam is forced into
the saturated zone to vaporize COCs. Groundwater vapors {and
COCs) are collected under vacuum.

Eiminated. Saturated zone thermal freatment is considered to be a
pilot-scale technology. Lack of performance data in similor
hydrogeologic setting.

Thermal Treatment (cont.)

Six Phase Heating

Process option commonly applied to the vadoze zone to hreat
CQCs. Field demonstrations have been applied to the saturated
zone. Six phase heating uses electrical resistivity heating to raise the
temperature of the saturated zone 1o a point suffficient to boil
groundwater. Groundwater vapors ([and COCs) are collected
under vacuum,

Eliminoted. Saturated zone thermal treatment is considered to be a
pilot-scale technology. Lack of performance data in similar
hydrogeologic setting. l

Biological Treatment

Enhanced Bio-Degradation

Enhanced bic-degradation attempts to accelerafe natural
biodegradation of organic COCs to innocuous end products by
providing nutrients, electron acceptors and/or microorganisms.
Often involves air injection below the water table to increase
oxygen concentrations.

Potentially applicable. Retained for further evalueation.

Monitored Natural Attenuation

Reliance on naturally occurring subsurface processes that act to
reduce the mass, toxicity, and volume of COCs in groundwater,
These processes include biodegradation, dispersion, dilution,
sorption, ond volatilization. Typically requires long-term monitoring to
verify perfformance.

Potentially applicable. Retained for further evaluation.

_ |
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General
Response Action

Remedial Technology

Process Opfion

TABLE 3.3

EVALUATION OF PROCESS OPTIONS FOR FRACTURED BEDROCK

Effecliveness

Implementability

MISSOURI ELECTRIC WORKS (MEW) SITE

Cost

Retlain/Eliminate

No Action

Not Applicable

Not Applicable

Does not achieve RAOs. Groundwater will continue

No oction required, therefore no implementability

Capital: None

Retained for baseline comparison purposes

Land and resource use restrictions are considered
effective in reducing risk to human health, although
this process option does not reduce COC mobility,
toxicity, or volume, and as such does not achieve
all the site RAOs.

local authorities. Can be implemented in
combination with other process options.

to exhibit COCs in excess of TCLs. rastrictions. O8&M: None in accordance with the NCP,
Limited Action Institutional Controls Land and Resource The effectiveness of ICs depends on the Will require administrative activity and legal action Capital: Low Retained as a possible remedial action
Use Restrictions. mechanisms used and the durability of the IC. on the part of the Property owner, the State and/or O&M: Low alternative.

wellhead Treatment

Wellhead Treatment
Systems

Effective method for treating groundwaoter to
drinking water standards. Continued effectiveness
will depend on the consistent use and regular
maintenonce of such systems. This process option,
although not designed to contain or remediate a
containment plume, may over time achieve TCLs.
This option on its own is not designed to achieve the
RAQs for Site groundwater,

Readily implemented using conventional,
commercially available equipment. Commaon
treatment systems include carbon adsorption and air
stirpper units,

Capital: Moderate
O&M: Moderate

Retoined as a possible remedial action
alternative.

Long-Term Monitosing Groundwater Effective method for observing COC migration and | Readily implemented using conventional techniques| Capital: Low Retained as a possible remedial action
Monitoring assessing the effectiveness of the remedial action. and procedures previously used at the Site. including] O&M: Moderate alternative.
Does not recluce COC mobility, toxicity or volume, existing and/or additional monitoring wells,
and as such does not achieve all the site RAOs.
Containment Low Permeability Cap Clay/Seil Relatively effective method for limiting infiltratfion Readily implemented by standard construction Capital: Moderate Eiminated. To be effective capping
and leaching of COCs from the vadose zone into methods. Requires maintenance and restriction on Q&M: Modergte requires remedial technologies eliminated in
groundwater. Generally does not limit leaching of future land use. the earier screening step due to technical
COCs from the smear zone. Does not achieve infeasibility,
RAOs. This process option is considered to have
imited effectiveness, as it requires knowledge of
COC source areas and requires implementation w
with other containment remedial technologies, Ei -:;1
which were gliminated during the screening step. ns=s
Qu
oORr
— - - _ — - — e — - g 2
*\l ]
O
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TABLE 3.3

EVALUATION OF PROCESS OPTIONS FOR FRACTURED BEDROCK

General
Response Actlion

Remedial Technology

Process Option

Effectiveness

Implementability

MISSOURI ELECTRIC WORKS (MEW) SITE

Cost

. 1

Retain/Eliminate

Containment
[cont.)

Low Permeability Cap
{Continued)

Asphaoit

Relatively effective method for limiting infilfration
and leaching of COCs from the vadose zone into
groundwater. Generally does not limit leaching of
COCs from the smear zone. Does not achieve
RACs. This process option is considered to have
limited effectiveness as it requires knowledge of
CQOC source areas and requires implementation in
conjunction with other containment remedial
technologies [verical bamiers), which were
eliminated during the initial screening step.

Readily implemented by standard construction
methods. Requires maintenance and restriction on
future land use.

Capital; Moderate to
High
CA&M: Moderate

Eliminated. Clay/soit cap is considered a
better representative of the low-
permeability capping process option,
because of its effectiveness at a lower cost,

Concrete

Relatively effective method for limiting infiltration
and leaching of COCs from the vadose zone into
groundwater. Generally does not limit leaching of
COCs from the smear zone. Does not achieve
RAQs. This process option is considered to have
limited effectiveness as it requires knowledge of
COC source areas and requires implementation
with other containment remedial technologies,
which were eliminated during the screening step.

Readily implemented by standard construction
methods. Requires maintenance and restriction on
future land use.

Capital: High
Ca&M: Moderate

Eliminated. Clay/soil cap & considered o
better representative of the low-
permeability capping process option,
because of its effectiveness at a lower cost.

Geosynthetic/
Multimedia

Relatively effective methed for limiting infittration
and leaching of COCs from the vadose zone into
groundwater. Generally does not limit leaching of
COC;s from the smear zone. Does not achieve
RAQs. This process oplion is considered to have
limited effectiveness as it requires knowledge of
COC source areqs and requires implementation
with other containment remedial technologies.
which were eliminated during the screening siep.

Fractured Bedrock and Alluvium
Groundwatewr Remediglion F$

Readily implemented by standard construction
methods, Requires maintenance and restriction on
future land use.

Capital: High
O&M: Moderate

Eliminated. Cloy/soil cap is considered a
better representative of the low-
permeaability capping process option,
because of its effectiveness at a lower cost,

€
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TABLE 3.3

EVALUATION OF PROCESS OPTIONS FOR FRACTURED BEDROCK

MISSOURI ELECTRIC WORKS {MEW) SITE

—~ - - — = ——
General Remedial Technolo Process Option Effectiveness implementability Cost Retain/Eliminate
Response Actlion ay P i
Collection Extraction Verical-Drilled Widely used, effective method for COC impacted Difficult to implement. The identification, exact Capital: High Bliminated. Site requirements and
(Groundwater Pumping)| Extraction Wells groundwater migration control and mass removal locations and practical intersection of all the COC Q&M: Moderate conditions, specifically the requirement to
from the aquifer. Vertically drilled wells equipped impacted fracture zones is considered practically reach specified driling targets {fracture
with groundwater extraction pumps for collection infeasible, zones) in the fractured bedrock limit the
and/or hydraulic control of COC impacted feasibility of this process option. Angled wells
groundwater, Effectiveness is limited by an ability are judged to have an advantage over
to identify the major vertical fractures ond the vertical wells in terms of lkelihood of
predictability of the exact location of the fractures. intersecting fractures and achieving plume
Does not achieve the Site RAOs capture,
Horizontal/Angle- Angle-driled wells are considered more likely to Specialized drilling techniques are used to drill wells Capital: High Eliminated. Angle-drilled extraction wells
Drilled Extraction achieve vertical fracture intercept than the more at an angle, to reach COCs not accessible by direct| O&M: Moderate although offering an advantage over
Wells commeon, widely used vertical drilled extraction vertical drilling. Difficult to implement. The vertical-drilled wells still have limited
wells. Does not achieve the Site RAQs. identification, exact locations and practical effectiveness and are considered just as
intersection of all the COC impacted fracture zones difficult to implement. Angle-drilled wells
is considered practically infeasible. are likely to be very costly, requiring
specidlized equipment.
Dual Phase Extraction Dual Phase Extraction| Widely used, effective method for COC impacted Difficult to implement. The identification, exact Capital; High Biminated. More expensive than traditional
Wells groundwater migration control and contaminant locations and practical intersection of all the COC O&M: Moderate groundwater pumping and is not
mass removal from the aquifer. System typically impacted fracture zones is considered practicolly considered to offer a higher levet of
comprises vertically driled wells configured as dual | infeasible, treatment.
extraction wells. Groundwater and vapors are
removed using high vacuum systems or a
combination of vaccum and groundwater
extraction pumps. Effectiveness may be limited by
the low yield of the fractured bedrock and the
ability to identify the major vertical fractures and
the predictability of the exact location of these w
fractures. Does not achieve the Site RAOs. (v} >
M m
@ g
Ex-Situ Treatment | Physical Treatment Aeration Proven and reliable pre-treatment method for the Readily implemeted using commercialy available Capital: Low Eliminated. Ex-situ treatment process 8 t-:t':
reduction of certain metal [e.g.. iron) equipment, Q&M: Low opficns are dependent on groundwater H 4
concentrations to protect downstream treatrment collection process opftions, therefore, with Ql) 3
processes from fouling or scaling. Requires follow- the elimingtion of groundwater treatment NN
up clarification and/or filtration which generates process options, ex-tratment process opftions|
sludge. May reqguire collection and treatment of are no longer applicable or relevant,
VOC vapors.
—— S —  _ __ - —_ _ ]
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Effectiveness

TABLE 3.3
EVALUATION OF PROCESS OPTIONS FOR FRACTURED BEDROCK
MISSOURI ELECTRIC WORKS (MEW) SITE

Implementability

Cost

Retain/Eliminate

Well-developed, widely used technology, which is
eftective for removal of most halogenated and nory
halogenated VOCs dissolved in groundwater. Pre-
treatrment for metals [e.g.. iron) removal and to
control hardness may be neceassary. Post-treatment
by carbon adsorption to meet discharge limits may
also be necessary. Does not destroy COCs. Off-gas|
treatment may require treatment. Coes not
achieve the site RAOs,

Readily implemeted using conventional,
commercialy available equipment.

Capital: Moderate to
High

O&M: Moderate to
High

Elminated. Ex-situ treatment process
options are dependent on groundwater
collection process options, therefore, with
the elimination of groundwater treatrment
process options, ex-situ treatment process
options are no longer applicable or
relevant.

Well developed, widely used technology which is
effective for removal of mest halogenated and non
halogenated VOCs and SVOCs dissolved in the
groundwater. Pre-treatment for metals {e.g., iron
and manganese) removal and to control hardness
may be necessary. COCs are not destroyed, but
transferred to activated carbon surface, Spent
carbon may require disposal/ reactivation as a
hazardous waste. Does not achieve the site RAQs.

Readily implemeted using conventional,
commercialy availoble equipment.

Capital: Moderate
QO&M: Low to
Moderate

Eiminated. Ex-situ freatment process
options are dependent on groundwater
collection process options, therefore, with
the elimination of groundwater treatment
process options, ex-situ treatment process
options are no longer applicable or
relevant.

KOMEX
— — - _—_
General Remedial Technolo Process Option
Response Action 9y

Ex-Situ Treatment | Physical Treatment Alr Stripping

[Continued) (Continued)
Carbon Adsorption
Vapor Phase Carbon
Adsorption

Vapor-phase carbon adsorption is a well
developed, widely used process, which is effective
for the removal of most VOC-laden vapor streams
generated from air stripping operations. Pre-
treatment of VOC-laden vapors to reduce the
temperature and relative humidity is generally
necessary to prevent loss of carbon adsorption
capacity and improve COC removal efficiencies.

Readily implemented using commercially available
equipment, Planning for the regeneration,
reactivation, or disposal of spent carbon must be
considered as part of implementation. On-Site
steam regeneration of spent carbon would likely
generate a liquid hazardous waste. Off-Site
reactivation and/or disposal may require handling
the spent carbon as a hazardous waste. It is not

recommended to remove high COC concentrations.

Capital: Moderate
O&M: Low to
Moderate

Eliminoted. Ex-situt treatment process
options are dependent on groundwater
collection process oplions, therefore, with
the elimination of groundwater freatment
process options, ex-situ treatrment process
options are no longer applicable or
relevant,

Chemical Treatment

Chemical Oxidation

Chemicol oxidation is a potentially effective
method for both the destruction of dissolved
organic COCs and the precipitation of iron. which
is present in Site groundwater. This process is not in
common use for groundwater treatment
applications.

Fractured Bedrock ond Aliuvium
Groundwatewr Remediation FS

Readily implemented using commercially available
equipment. This process is likely to generate sludge
from the precipitotion of iron. Sludge moy be
hozardous and require appropriate
treatment/disposal at an off-Site RCRA-permitted
facility,

Capital: Low
O&M: Moderate to
High

Eliminated. Ex-situ treatment process
options are dependent on groundwater
collection process options, therefore, with
the elimination of groundwater reatment
process options, ex-situ treatment process
options are no longer applicable or
relevant.

Page 4 of 5
June 2005
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TABLE 3.3
EVALUATION OF PROCESS OPTIONS FOR FRACTURED BEDROCK
MISSOURL ELECTRIC WORKS (MEW) SITE
— ——— - e —— — - ————————————— .
General . Remedial Technology Process Opfion Effectiveness Implementability Cost Retain/Eliminate
Response Action
Ex-Situ Treatment | Chemical Treatment Advanced Oxidation | Advanced oxidation is a well-developed, Advanced oxidation is readily implemented for Copital: High Eiminated. Ex-situ treatment process
{Continued) (Continued) increqsingly used process, which has proven freatment of Site groundwater using commercially O&M: High options are dependent on groundwater
effective for destruction of the CQOCs present in Site | available equipment from a limited number of collection process options, therefore, with
groundwater. As a destruction process, it is vendors. Studies are required to match the oxidant the elimination of groundwater treatment
advantageous in that it does not transfer COCs to and COCs. Waste streams are produced following process options, ex-situ treatment process
another medium. Does not achieve the site RAOs. treatment that require either additional treatment or options are no longer applicable or
disposal, relevant,
Discharge Surface Discharge Direct Discharge Discharge to Welland Creek is an effective means | The implementability of this method would depend Capital: Moderate

of final disposition of the volume of water expected
to be generated by groundwater collection and
treatment,

on discharge water quality standards {(WQS) for the
wWetland Creek, and whether the treatment system
can achieve the standards

O&M: Moderate

Eliminated. Discharge process options are
dependent on groundwater collection and
ex-situ freatment process options, therefore,
with the elimination of both of these process
options, discharge process options are no
longer applicable or relevant.

Indirect Discharge

Discharge to POTW is an effective means of final
disposition of the volume of water expected to be
generated by groundwater collection and
treatment.

The implementability of this method would depend
on the sewer discharge permit requirements.
Discharge to the POTW might require crossing public
and/or private property, and cbtaining rights-of-way
for a discharge pipeline.,

Capital: Moderate
O&M: Moderate

Eliminated. Discharge process options are
dependent on groundwater coltection and
ex-situ treatment process options, therefore,
with the elimination of both of these process
opftions, discharge process options are no
longer applicable orrelevant.

In-Situ Treatment

Biological Treatment

Fractured Bedrock and Alluviom
Groundwatewr Remediation FS

Monitored Natural
Attenuation

Consideration of this option usually requires
modeling and evaluation of COC degradation
rates and pathways and predicting COC
concentration at down gradient receptor points,
especialy when plume is sfill expanding/migrafing.
Effectiveness of this option is limited due to
impracticability of existing techniques to identify all

the fractures that carmy contaminated groundwater

through the bedrock. Does not achieve site RAQs.

Readily implementable. The evaluation of natural
attenuation is often not straightforward and wil
require expertise in several technical areas including
microbiology/bicremediation, hydrogeology, and
geochemistry.

Capital: Moderate
O&M: Moderate

Eliminated. Technically infeasible to monitor
natural attenuation processes with a high
degree of certainty.
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TABLE 3.4

EVALUATION OF PROCESS OPTIONS FOR ALLUVIUM

MISSOURI ELECTRIC WORKS (MEW) SITE

mobility, toxicity or volume, and as such does
not achieve all the site RAQOs,

additional monitoring wells,

—— == — - - - . - . _
General Remedial Technolo Process Option Effectiveness Implementability Cost Retain/Eliminate
Response Action 9y
No Action None Not Applicable Does not achieve RAQOs. Groundwater will No action required, therefore no Capital: None Retained for baseline comparison purposes in
continue to exhibit COCs in excess of TCLs, implementability restrictions. Q&M: None accordance with the NCP,
Limited Action Institutional Condtrols Land and Resource The effectiveness of ICs depends on the Will require administrative activity and legal Capital; Low Retained as a possible remedial aclion
Use Restrictions. mechanisms used and the durability of the IC,] action on the part of the Property owner, the | O&M: Low altemative.
Land and resource use restrictions are State and/or local authorities. Can be
considered effective in reducing risk to implemented in combination with other
human health, atthough this process option process options.
does not reduce COC mobility, toxicity, or
volume, and as such does not achieve all the
site RAOs,
Long-Term Monitoring Groundwater and Effective method for observing COC Readily implemented using conventional Capital: Low Retained as a possible remedial action
Surface Water migration and assessing the effectiveness of technigues and procedures previcusly used O&M; Moderate alternative,
Monitoring the remedial action. Does not reduce COC at the Site, including existing and/or

Wellhead Treatment

wWell Treatment
Systems

Effective method for treating groundwater to
drinking water standards. Contfinued
effectiveness will depend on the consistent
use and regular maintenance of such
systems. This process opfion, although not
designed to contain or remediate a
containment plume, may over time achieve
TCLs. This option on its own is not designed to
achieve the RAQ:s for Site groundwater,

Readily implemented using conventional,
commercially available equipment,
Common treatment systems include carbon
adsorption and air stirpper units.

Capital: Moderate
O&M: Moderate

Retained as a possible remedial action
alternative.

Containment

Vertical Barriers

Slurry Wall

Demonstrated effectiveness in containing
groundwater; however, in COC impacted
groundwater applications, specific COC
types may degrade the slurry wall
components and reduce the long-term
effectiveness. The installation of the slurry wall
poses risks fo human heaith such as, exposure
to COC impacted soil and groundwater and
risks associated with working with heavy
construction equipment. This process option
does not restrict the use of the aquifer for
drinking water and does not achieve the Site
RAOs

Construction of a slumy wall into the
underlying clay (l.e., approximately 100 feet
bgs} is not considered feasible due to the
deep excavation and specialized heavy
construction equipment required. Large
volumes of material will need to be
transported from and to the Site to complete
the installation and the construction of
temporary haul roads acreoss the wetland
area, In addition to difficulties associated
with the slurry wall installation, the
implementation and future enforcement of
ICs, which would be required in conjunction
with this option to prevent human excavation
of the barrier, is potentially problematic.

Fractured Bedrock and Alluvium
Groundwater Remediation F5

Capital: High
C&M: Moderate

Eliminated. Possible reduced long term
effectiveness, increased short term health
risks, difficulties foreseen for implementation,
and high cost.
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TABLE 3.4

EVALUATION OF PROCESS OPTIONS FOR ALLUVIUM

MISSOURI ELECTRIC WORKS (MEW) SITE

General
Response Action

Remedial Technology

Process Optlion

Effectiveness

implementability

Cost

Retain/Eliminate

Collection

Extraction
[Groundwater Pumping)

Vertical-Drilled
Extraction Wells

Widely used, effective method for COC
impacted groundwater migration control and
mass remeval from the aquifer. Vertically
drilled wells equipped with groundwater
extraction pumps for collection and/or
hydraulic control of COC impacted
groundwater, The effectiveness of vertical-
drilled exiraction wells to extract groundwater
is controlled primarily by the permeability of
the aquifer, Yertical-driled wells do not
reduce human health risks, as they do not
restrict use of the groundwater, therefore,
vertical-drilled wells on their own do not
achieve all the Site RAQs. In addition, the
installation of vertical-drilled extraction wells
potentially exposes workers to COC impacted
soils and groundwater.

Readiliy implemented using standord well
construction techniques. A vertical-drilled
exiraction well system is considered moderate
to difficult to implement for the alluvium at
the Site. Implementation would require
movement of heavy equipment over the
wetland (unstable ground conditions). In
addition, the implementation of a driling
program in the wetlands area will have to
comply with location specific ARARs such as
the Protection of Wetland (Executive Order
11990}

Capital: Moderate
O&M: Moderate

Retained as a potential component of a
remedial action alternative focused on CQC
impacted alluvium groundwater,

Interceptor Trench

The effectiveness of the interceptor french is
govemed by the permeability of the backfill
material and in particular, the permeability of
the perforated horizontal collection pipe.
Biological activity and sedimentation around
the pipe can lead to clogging of pipe
perforations and reduction in groundwater
collection efficiency. Aninterceplor french
does not reduce human health risks, as it does
not restrict use of the groundwater, therefore,
an interceptor trench does not on it’s own
achieve all the Site RAOs. The installation of
an interceptor trench poses additional risks fo
human health such s, exposure to COC
impacted soil and groundwater and risks
associated with working with heavy
construction equipment,

Aninterceptor trench excavated to 100 feet
bgs cannot be implemented using readily
available equipment and will require
specialized equipment and excavation
techniques. Installation of a deep interceptor
trench will also require either stable ground
conditions or trench support. In addition, the
implementation excavation activity in the
wetlonds areq will have to comply with
location specific ARARs such as, the
Protection of Wetland (Executive Order
119%0).

Capital: High
O&M: Mederate to High

Biminated. Potentially ineffective over a long
period, difficult to implement, requiring
specigliized equiprment and excavation
technigues and likely to be costly compared
to other collection technologies.

Ex-Situ Treatment

Fraciured Bedrock and Alluviurm
Groundwater Remediation F§

Physical Treatment

Alr Stripping

Well-developed, widely used technology,
which is effective for removal of most
halogenated and non-halogenated YOCs
dissolved in groundwater. Pre-treatrent for
metals {e.g.. iron} removal, and to condrol
hardness may be necessary. Post-ireatment
by carbon adsorption to meet discharge limits
may also be necessary. Does not destroy
COCs. Off-gas may require treatment, Does
not achieve the Site RACs.

Air stripping is readily implementable for the
freatment of Site groundwater using
commercially available equipment and
conventional installation methods. The
construction of a tfreatment system in the
wetiands area will have to comply with
location specific ARARs such as the Profection
of Wetland (Executive Order 11990)

Capital: Moderate to
High
O&M: Moderate 1o High

Eiminated. Other potentially less expensive
options are available that provide a similar or
higher level of treatment,

9/,2+010514Q¢
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Response Action
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Remedial Technology

Process Opfion

Effectiveness

implementability

TABLE 3.4

EVALUATION OF PROCESS OPTIONS FOR ALLUVIUM

Cost

MISSOURI ELECTRIC WORKS (MEW) SITE

Retain/Eliminate

Ex-Situ Treatment
{cont.)

Physical Treatment

Carbon Adsorption

Well developed, widely used technology
which is effective for removal of most
halogenated and non-halogenated VOCs
and SYOCs dissolved in Site groundwater. Pre-
treatment for metals (e.g., iron} removal and
to control hardness may be necessary. COCs
are not destroyed, but tfransferred to carbon,
Spent carbon may require disposalf
reactivation as a hazardous waste. Does not
achieve the Site RAQs.

Carbon adsorption could be readily
implemented for the treatment of Site
groundwater using commercially available
equipment and conventional installation
methods. Pilot testing is waranted to
evaluate removal efficiencies and other
design information. Pianning for the
reactivation or disposal of spent carbon must
be considered as part of implementation.
Offsite reactivation and/or disposal may
require handiing the spent carbon as a
hazardous waste. The construction of a
treatment system in the wetlands area will
have to comply with location specific ARARs
such as the Protection of Wetland {Executive
Crder 119%0)

Capital: Moderate
O&M: Low 1o Moderate

Retqined as a potential component of a
remedial action alternative focused on
groundwater treatment.

Chemical Treatment

Chemicat Oxidation

Chemical oxidation is a potentially effective
method for both the destruction of dissclved
organic COCs and the precipitation of iron,
which is present in Site groundwater. This
process is not in common use for groundwater
treatment opplications.

Readily implemented using comrmercially
available equipment, This process would likely
generate sludge from the precipitation of
iron. Sludge may be hazardous and require
appropriate treatment/disposal at an off-lite
RCRA-permitted facility,

Capital: Low
Q&M: Moderate to High

Eliminated. Limited record of
accomplishment in groundwater freatment
applications as compared to other ex-situ
treatment process options.

Advanced Oxidation

Advanced oxidation is a well-developed,
increasingly used process, which has proven
effective for destruction of the COCs present
in Site groundwater. As a destruction process,
it is advantageous in that it does not transfer
COCs to another medium. Does not achieve
the site RAQs,

Advanced oxidation is readily implemented
for freatment of Site groundwater using
commercially available equipment from o
limited number of vendors, Studies are
required to match the oxidant and COCs.
Waste streoms are produced following
treatment that require either additional
treatment or disposal.

Capital: High
O&M: High

Eiminated. Potentially less expensive options
are available that provide a similar or higher
level of treatment.

Discharge

Surface Discharge

Direct Discharge

Discharge to Wetland Creek is an effective
means of fingl disposition of the volume of
water expected to be generated by
groundwater collection and treatment.

The implementability of this method would
depend on discharge water quality standards
(WQS) for the Welland Creek, and whether
the treatment system can achieve the
standards

Capital: Moderate
Q&M: Moderate

Retained as a potential component of a Site
groundwater rermedial action alternative,

Indirect Discharge

Discharge to POTW is an effective means of
final disposition of the volume of water
expected to be generated by groundwater
collection and treatment,

Fractured Bedrock and Alluvium
Groundwater Remediation F$

The implementability of this method would
depend on the sewer discharge permit
requirements. Discharge to the POTW might
require crossing public and/or private
property, and obtaining rights-of-way for o
discharge pipeline.

—— — —_

Capital: Moderate
O&M: Moderate

Retained as a potential component of o Site
groundwater remedial action alternative.

L/42v012SIQ¢E

Page3of4
June 2005

214 245 MIW



KOMEX

TABLE 3.4

EVALUATION OF PROCESS OPTIONS FOR ALLUVIUM

MISSOURI ELECTRIC WORKS (MEW) SITE

General
Response Aclion

Remedial Technology

Process QOpfion

Effectiveness

implementability

Cost

Retain/Eiminate

In-Situ Treatment

Biological Treatment

Enhanced Big-
Degradation (EBD)

Applying EBD to the subsurface for effective
remediation can be difficult and uncertain.
The effectiveness of EBD to stimulate
biological activity and accelerate the
degradation process depends on the
suitability of the Site's geochemical/biclogical
condition for biodegradation of chiorinated
VOCs. Additionally, since the source location
of discharge of COCs to the alluvium
groundwater at depth from the bedrock is
unknown, this process opfion will require
further investigation to identify appropriate
application locations.

EBD can be readily implemented for COC
impacted aliuvium groundwater using
conventional equipment and resources.
Treatability and/or pilot testing are warranted
to finalize design considerations, including an
initial evaluation to determine the
geochemical conditions at the Site.

Capital: Moderate
CamM: Moderate

Retained as a potential component of o Site
groundwater remedial action alternative.

Monitored Natural
Attenuation

Consideration of this option usually requires
modeling and evaluation of COC
degradation rates and pathways and
predicting COC concentration at down
gradient receptor points. Does not achieve
Site RAOs.

Readily implementable. The evaluation of
natural attenuation is often not
straightforward and will require expertise in
several technical areas including
microbioclogy/bioremediation, hydrogeology,
and geochemistry.

Capital: Moderate
O&M: Moderate

Retained as a potential component of a Site
groundwater remedial action alternative.

Chemical Treatment

Permeable Reactive
Barriers

Potentially effective method for the
destruction or retention of dissolved organic
COCs, although the effectiveness of
pemeable reactive bariers may reduce over
time. The reduction in effectiveness could
result from biological activity or chemical
precipitation, which may limit the
permeability of the barrier and therefore
require the replacement of the reactive
media. Working with heavy equipment results
in additional human health risks during
installation.

Given the depths of COC impacted alluvig!
groundwater (in excess of 49 feet), the use of
boreholes is considered o provide an
advantage over french installed permeable
reactive bamiers. Commercially available
equipment can be used to advance the
boreholes, although measures may be
required to limit the impact of heavy
equipment on the wetland area.

Capital: High
Q&M: Moderate to High

Eiminated. Due to concerns regarding its long
term effectiveness, difficulties in
implementation and high cost.

|

Fraciured Bedrock and Alluvium
Groundwater Remediation FS
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TABLE 5.1

SUMMARY OF COMPARATIVE ANALYSIS OF FRACTURED BEDROCK REMEDIAL ALTERNATIVES
MISSOURI ELECTRIC WORKS (MEW) SITE

Fractured Bedrock Remedial Altemnatives 1
Criteria . " N
Alterndgtive FB-1: No Action Alternative FB-2: Limited Action
Overall Protection of Human Health 10 40 i
Compliance with ARARs 10 10
Long-term effectiveness and Permanence 1 3
Reduction of Toxicity, Mobility, or Volume of 1 ]
Chemicals
Short-term Effecliveness 4 3 H
Implementability 4 3
Cost 4 3 |
State Acceptance!® - R
1 Community Acceptance'? - R
I Total| 34 43
- - -
Notes:
< state ond community acceptance will be fully addressed during the public comment period.
Rating scale: 1 = poor; 2 = fair; 3 = good; 4 = very good. High scores are favorable.,
- The mandatory NCP criteria of overall prolection and compliance with ARARS has been weighted by a factor of ten,
Fractured Bedrock and Alluvivm Page 1 of |
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KOMEX MEW Site File
3DISC104280
TABLE 5.2
ESTIMATED COSTS TO IMPLEMENT FRACTURED BEDROCK REMEDIAL ALTERNATIVES
MISSOURI ELECTRIC WORKS {MEW) SITE
Fractured Bedrock Remedial Alternatives
Criteria . Aternative FB-2: Limited Action
Alternative FB-1: No Action (Accurate to -30% to +50%)
Capital Cost $0 30
2nd Year $0 $155.719
Annual O&M Cost
4th Year $0 $74,074
H Total Periodic Cost $0 $24.778
|| Total Net Present Value $0 $2,248.453

Notes:

1} "Capital Costs’ refers to costs associated with altemndative design, construction, instatiation and start-up. All copital costs are assumed to occurin
year zero for discounting purposes.

2} "Annual Q&M Costs" are for routine operation, maintenance and monitoring of alternative, aond inciude costs for such items as groundwater well

monitoring. remedial system operation and maintenance. removal/disposal of freatment residuals, and ongoeing project management and technical
support.

3) "Totol Net Periodic Costs” are the cumulative net present value costs {with an inflation rate of 3.0% and an annual discount rate of 5.0% for the first

15 years then 4.0% thereafter) which occur during the course of an altemative operation which are not routine annuatl O&M cost, such as five-year
reviews.

4) "Total Present Value® is the total alternative costs (including Copital, Q&M, and Periodic Costs) with applied annual discount rate of 5.0% and an
inflotion rate of 3.0%.

5} Costs are presented s feasibility study level estimates {the period of system operation and finalbudget costs are subject 1o design and subsequent
detailed cost review).

Fraclured Bedrock and Alluvium Page 1 0f 1
Groundwater remediation FS June 2005
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3DI5C104281

TABLE 5.3
SUMMARY OF COMPARATIVE ANALYSIS OF ALLUVIUM REMEDIAL ALTERNATIVES
MISSOURI ELECTRIC WORKS {MEW) SITE

Alluvium Remedial Altemnatives
. Alternafive AlL-4: .
Criteria Altemnative AL-1: No| Altemative AL-2; Alternative AL-3: Enhanced Altemative AL-5:
Action Limited Action Groundwater Extraction, Biodegradation by Meonitored Natural
Treatment and Discharge HRC Injection Attenuation
Overall Protection of Human
4

Health and the Environment 10 0 40 40 40
Compliance with ARARS 10 10 40 40 40
Ltong-term Effectiveness and ! 3 4 3 3
Permanence
Reduction of Toxicity,
Mobility, or Volume of 1 1 2 3 3
Chemicals
Shon-term Effectiveness 4 3 1 2 3
Implementability 4 3 1 2 3
Cost 4 3 1 2 3
State Acceptance® - - - - _
Community Acceptance'® - - - - -

Total| 34 63 89 92 95
Notes:
Notes:

% State and community acceptance will be fully addressed during the public comment period.
Rating scale: 1 = poor; 2 = fair; 3 = geod; 4 = very good. High scores are favorable,
‘- The mandatory NCP criteria of overall protection and complionce with ARARs has been weighted by a factor of ten.
Fraciured Bedrock and Alluvium Page 1 of |
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KOMEX
TABLE 5.4
ESTIMATED COSTS TO IMPLEMENT ALLUVIUM REMEDIAL ALTERNATIVES
MISSOUR| ELECTRIC WORKS (MEW) SITE
=- - — Fractured Bedrock Remedial Alternatives
Alternative AL-3: Groundwater Alternative AL-4: Enhanced Altemnative AL-5: Monitored
Criteria Alternative AL-2: Limited Action Extraction, Treatment, and Biodegradadation by em : ore
Alternative AlL-1: No Action Natural Atenuation
{Accurate to -30% to +50%) Discharge HRC Injection (Accurate fo -30% to +50%)
(Accurate to -30% to +50%) {Accurate to -30% to +50%) °
Capital Cost $0 30 $485,692 $0 %0
2nd Year $0 $97.324 $412,165 $327.174 $278,347
Annual O&M Cost
4th Yeor $0 $46,922 $272,259 $121,995 $134,194
Total Periodic Cost $0 $24,778 $24,778 $24,778 $24,778
Total Net Present Value $0 $1,459,393 $8.288,101 $4,815,568 $3.905,534 '

Notes:

1) "Capital Costs” refers to costs associated with altemative design. construction, installation and start-up. Al capital costs are assumed to occur in year zero for discounting purposes.

2} "Annual Q&M Costs” are for routine operation, maintenance and monitoring of alternative, ond include costs for such items as groundwater well monitoring, remedial systern operation and maintenance, removal/disposal of

treatment residuals, and ongoing project management and technical support,

3} "Total Net Periodic Costs” are the cumulative net present value costs {with an inflation rate of 3.0% and an annual discount rate of 5.0% for the first 15 years then 4.0% thereafter) which occur during the course of an alternative

operation which are not routine onnual O&M cost, such as five-year reviews,

4} "Total Present Value” is the total alternative costs (including Capital, O&M, and Periodic Costs) with applied annual discount rate of 5.0% and an inflation rate of 3.0%.

5) Costs are presented as feasibility study level estimates (the period of system operation and final budget costs are subject to design and subsequent detailed cost review}.

Fractured Bedrock and Alluvium
Groundwater Remediation FS
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June 2005
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NOTES

1) BASE MAP FROM USGS 7.5 MINUTE CAPE GIRARDEAU
QUADRANGLE (1965, REVISED 1993).
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® HRC INJECTION POINT

NOTE

1. HRC = hydrogen release compound
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EPA Superfund
Record of Decision:

MISSOURI ELECTRIC WORKS
EPA ID: MOD980965982

OU 01

CAPE GIRARDEAU, MO
09/28/1990

EPA/ROD/R07-90/038
1990
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S0IL/SEDIMENT CONTAMINATION

. EXCAVATE ALL SOILS AND SEDIMENTS WITH PCB CONCENTRATIONS GREATER THAN 10 PARTS
PER MILLION (PPM) TO A DEPTH OF 4 FEET AND SQILS BELOW THAT DEPTH WITH PCB
CONCENTRATIONS GREATER THAN 100 FPPM;

. INCINERATE ONSITE THE EXCAVATED PCB-CONTAMINATED SOILS AND SEDIMENTS;

. MONITOR AT LEAST DAILY THE EMISSIONS FROM THE INCINERATOR, BOTH ASH AND GASES;
AND,

. BACKFILL THE EXCAVATED AREARS WITH THE ASH AND CLEAN SOIL.

GROUND WATER CONTAMINATION

* INSTALL SIX TO TEN EXTRACTION WELLS;

. EXTRACT GROUND WATER AND STORE IT IN A TANK ONSITE;

. PROCESS THE STORED WATER THROUGH AN AIR-STRIPPING TOWER;

4 PROCESS THE VAPOR-PHASE AFTER AIR-STRIPPING THROUGH AN ACTIVATED CAREBON

ADSORPTION UNIT, DISCHARGE THE TREATED WATER TO THE SURFACE OR TQ THE PUBLICLY
OWNED TREATMENT WORKS (POTW); AND,

. MONITOR QUARTERLY THE EFFECTIVENESS OF THE GROUND WATER TREATMENT SYSTEM.

STATUTORY DETERMINATIONS

THE SELECTED REMEDY IS PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT, COMPLIES WITH FEDERAL
AND STATE REQUIREMENTS THAT ARE APPLICABLE OR RELEVANT AND APPRCPRIATE (ARARS) TO THIS
REMEDIAL: ACTION, AND IS COST-EFFECTIVE. THE REMEDY SATISFIES THE STATUTORY PREFERENCE FOR
REMEDIES THAT EMPLOY TREATMENT AND REDUCE THE TOXICITY, MOBILITY, OR VOLUME AS A PRINCIPAL
ELEMENT AND UTILIZE PERMANENT SCLUTIONS AND ALTERNATIVE TREATMENT TECHNOLOGIES TQO THE MAXTIMUM
EXTENT PRACTICABLE.

THIS REMEDY WILL NOT RESULT IN HAZARDOUS SUBSTANCES REMAINING ONSITE ABOVE HEALTH-BASED
LEVELS. HOWEVER, BECAUSE HAZARDOUS SUBSTANCES WILL BE LEFT ONSITE AT LEVELS THAT WILL
REQUIRE LIMITED USES OF AND RESTRICTED EXPOSURE TO THE SITE, A REVIEW OF THE REMEDIAL ACTIONS
WILL BE MADE NO LESS OFTEN THAN EVERY FIVE YEARS AFTER INITIATION OF THE REMEDIAL ACTION.

MORRIS KAY DATE: 05/28/90
REGIONAL ADMINISTRATOR
US EPA, REGION VII
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1.0 SITE NAME, LOCATION, AND DESCRIPTION

MISSOURI ELECTRIC WORKS, INC., IS LOCATED ON A 6,.4-ACRE TRACT ADJACENT TO US HIGHWAY 61
(SOUTH KINGS RIGHWAY) IN A PREDOMINATELY COMMERCIAL/INDUSTRIAL AREA OF CAPE GIRARDEAU,
MISSOURI. THE MISSOURI ELECTRIC WORKS (MEW} SITE INCLUDES ALL AREAS THAT HAVE BEEN
IDENTIFIED AS HAVING PCE CONTAMINATION. THE APPROXIMATE EXTENT OF THE MEW SITE IS PRESENTED
IN FIGURE 1.

THE MEW SITE IS SITUATED APPROXIMATELY 1.6 MILES WEST OF THE MISSISSIPPI RIVER IN THE HILLS
ALONG THE VALLEY WALL JUST WEST OF THE MISSISSIPPI RIVER FLOOD PLAIN. INTERMITTENT RUNGFF
CHANNELE EMANATE FROM THE NCRTH, SOUTH AND EAST BOUNDARIES OF THE MEW PROPERTY AND EVENTUALLY
DRAIN INTO THE CAPE LACROIX CREEK LOCATED 0.7 MILES EAST OF THE SITE. THE CAPE LACROIX CREEK
FLOWS 1.1 MILES TO THE SOUTHEAST WHERE IT ENTERS THE MISSISSIPPI RIVER. THE MEW PROPERTY IS
BOUNDED ON THE NORTH BY RETAIL AND WAREHOUSE FROPERTIES, ON THE SOUTH BY A RESIDENCE,
COMMERCIAL STORAGE AND A CONSTRUCTION COMPANY, AND ON THE EAST BY A WAREHOUSE. A WETLAND HAS
BEEN IDENTIFIED APPROXIMATELY 700 FEET SCUTH OF THE MEW PROPERTY., FIGURE 2 INDICATES THE
APPROXIMATE LOCATION OF THE WETLAND IN RELATION TO THE MEW SITE AND THE CITY OF CAPE
GIRARDEARU.

#SHEA
2.0 SITE HISTORY AND ENFORCEMENT ACTIVITIES

2.1 SITE HISTORY

MISSOURI ELECTRIC WORKS, INC,, SELLS, SERVICES, AND REMANUFACTURES TRANSFORMERS, ELECTRIC
MOTORS, AND ELECTRICAL EQUIPMENT CONTROLS. DURING PAST OPERATIONS, MISSOURI ELECTRIC WORKS,
INC., REPORTEDLY RECYCLEI' MATERIALS FROM OLD UNITS, SELLING COPPER WIRE AND REUSING THE
DIELECTRIC FLUIDS FROM THE TRANSFORMERS. THE SALVAGED TRANSFORMER OIL WAS FILTERED THROUGH
FULLER'S EARTH FOR REUSE. AN ESTIMATED %0 PERCENT OF THE OIL WAS RECYCLED.

MISSOURI ELECTRIC WORKS, INC., HAS BEEN AT ITS PRESENT LOCATION SINCE 1953. ACCORDING TC
BUSINESS RECORDS OBTAINED FROM MISSOURI ELECTRIC WORKS, INC., MORE THAN 16,000 TRANSFORMERS
HAVE BEEN REPAIRED OR SCRAPPED AT THE SITE DURING THIS TIME. THE TOTAL AMOUNT OF TRANSFORMER
OIL THAT WAS NOT RECYCLED DURING THIS PERIOD IS ESTIMATED TO BE 28,000 GALLONS. 1IN 1984,
APPROXIMATELY 5,000 GALLONS OF WASTE OIL, IN DRUMS, WAS REMOVED BY A CONTRACTCR.

INDUSTRIAL SOLVENTS WERE USED TO CLEAN THE ELECTRICAL EQUIFMENT BEING REPAIRED OR SERVICED.
SOLVENTS WERE REUSED UNTIL THEY WERE NO LONGER EFFECTIVE. SPILLS AND DISPOSAL OF SPENT
SOLVENTS APPARENTLY QCCURRED ON THE MEW PROPERTY.

THE MEW PLANT AND GENERAL OQOFFICE OCCUPY A BUILDING LOCATED ON THE WEST END OF THE PROPERTY.
TO THE EAST OF THE BUILDING AND CONCRETE PAD IS A GRAVEL AREA OF APPROXIMATELY 150 BY 120
FEET USED FOR TRANSFORMER STORAGE., PORTIONS OF THE SITE ARE LITTERED WITH VARIOUS OBJECTS
INCLUDING OLD TRANSFORMERS, EMPTY DRUMS, OLD PALLETS AND TRASH. THE MEW PROPERTY AND
ADJACENT PROPERTIES HAVE BEEN FOUND TO BE CONTAMINATED WITH POLYCHLORINATED BIPHENYLS (PCES),
SPECIFICALLY AROCLOR 1260. THIS PCE CONTAMINATION IS APPARENTLY THE RESULT OF PAST HANDLING
AND STORAGE PROCEDURES OF PCB-CONTAINING TRANSFORMER FLUIDS.

2.2 BITE INVESTIGATIONS

THE MISSOURI DEPARTMENT OF NATURAL RESOURCES (MDNR) INSPECTED THE MEW FACILITY IN OCTOBER
1984 AND DISCOVERED 102 55-GALLON DRUMS CONTAINING.TRANSFORMER OIL THAT WERE BEING STORED ON
THE MEW PROPERTY. SOME OF THE DRUMS WERE LEAKING. A SAMPLE OF THE OIL- STAINED SOIL WAS
OBTAINED BY MDNR FOR BMALYSIS AND FOUND TO CONTAIN 110 PARTS PER MILLION (PPM)
POLYCHLORINATED BIPHENYLS (PCBS). A SAMPLE OF OIL-STAINED SURFACE WATER WAS TAKEN BY MDNR.
THE ANALYTICAL, RESULTS FOR THE WATER SAMPLE INDICATED A PCB CONCENTRATION OF 110 MICROGRAMS
PER LITER (UG/L} OR PARTS PER BILLION (PPB}.
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AN INSPECTION BY THE ENVIRONMENTAL PROTECTION AGENCY (EPA) DURING NOVEMBER 1984, PURSUANT TO
THE TOXIC SUBSTANCES CONTROL ACT (TSCA), FOUND THAT MEW HANDLING AND STORARGE PROCEDURES FOR
OILS CONTAINING OR CONTAMINATED WITH PCBS DID NOT CONFORM TO THE REGULATIONS, TWO SOIL
SAMPLES AND QONE SAMPLE OF STORED OIL WERE OBTAINED. PCBS WERE DETECTED IN THE SOIL SAMPLES
AT CONCENTRATIONS OF 310 AND 21,000 MILLIGRAMS PER KILOGRAM {MG/KG) OR PARTS PER MILLION
(PPM} . THE OIL CONTAINED 1,200 PPM PCRBS.

ADDITIONAL AND MORE EXTENSIVE SITE INVESTIGATIONS OF THE MEW FACILITY AND ADJACENT PROPERTIES
WERE PERFCRMED BY EPA CONTRACTORS BETWEEN OCTOBER 1985 AND JUNE 1987. THESE INVESTIGATIONS
INDICATED THAT PCE CONTAMINATION IN SURFACE SOILS AT THE FACILITY WAS EXTENSIVE {WITH PCB
CONCENTRATIONS AS HIGH AS 58,000 PPM); THAT SHALLOW SUBSURFACE SOILS AT THE SITE WERE
CONTAMINATED TO A LESSER EXTENT; THAT OFFSITE MIGRATION OF PCE-CONTAMINATED SOILS HAD
OCCURRED ALONG DRAINAGE PATHS; THAT MEASURABLE LEVELS OF PCBS WERE PRESENT ONSITE AND ON
NEAREY OFFSITE BUILDING WALLS; AND THAT MEASURABLE CONCENTRATICNS OF AIRBORNE PCBS WERE
PRESENT. ONE ROUND OF SAMPLING FROM ONSITE MONITORING WELLS INDICATED THAT SHALLOW GRGUND
WATER CONTAINED LOW CONCENTRATIONS OF PCBS; HOWEVER, LATER SAMPLING OF THE WELLS BY EPA AND
MORE DETAILED ANALYSIS DURING THE REMEDIAL INVESTIGATION (RI) DID NOT DETECT PCBS IN THE
GRODND WATER AND IT WAS CONCLUDED THAT THE EARLIER RESULTS WERE PROBABLY THE RESULT OF
SAMPLING ERRORS. THESE INVESTIGATICONS, AS WELL AS OTHER INVESTIGATIONS ARE SUMMARIZED IN
MORE DETAIL IN THE RI REPORT,

EPA OBTAINED WIPE SAMPLES OF THE EXTERIOR OF SEVERAL BUILDINGS LOCATED IN THE VICINITY OF MEW
DURING ADGUST 1985. ANALYTICAL DATA FROM THESE SAMPLES INDICATED THAT NO PCBS HAD MIGRATED
TO THE BUILDINGS WEST OF HIGHWAY 61.

THE MISSOURI ELECTRIC WORKS STEERING COMMITTEE (MEWSC), A GROUP OF POTENTIALLY RESPONSIBLE
PARTIES FOR THE SITE, CONDUCTED A REMEDIAIL INVESTIGATION (RI} PURSUANT TO AN ADMINISTRATIVE
ORDER ON CONSENT ISSUED BY EPA. THE FIELD ACTIVITIES WERE CONDUCTED FROM SEPTEMBER 1585 TO
MARCH 1990. THE FINDINGS OF THESE ACTIVITIES ARE SUMMARIZED BELOW:

OIL

PCBE ADSORBED ONTO THE NEAR-SURFACE SOILS HAVE BEEN TRANSPORTED ONTO SURROUNDING PROPERTIES
PRIMARILY VIA STORM WATER RUNQFF. THIS CONTAMINATION IS LOCATED PRIMARILY ALONG DRAINAGE
PATHWAYS WITH THE LEVELS DECREASING WITH GREATER DISTANCE FROM MEW. THE HIGHEST LEVELS OF
PCBS OBSERVED IN ANY OFFSITE SAMPLE (2,030 PPM} WAS FOUND IN A DRAINAGE CHANNEL AT THE
BOUNDARY BETWEEN THE MEW PROPERTY AND THE MORRILL PROPERTY.

GEOSTATISTICAL MCODELING OF THE DATA COLLECTED DURING THE RI WAS USED TO DETERMINE THE AREAIL
EXTENT QOF PCB CONTAMINATION ON THE SITE AND SURROUNDING AREAS. THE TOTAL AREA OF SURFACE
SOILS AND SEDIMENT WITH PCB CONCENTRATIONS OF 10 FPM OR GREATER IS APPROXIMATELY 225,000
SQUARE FEET OR 6.8 ACRES (EXCLUDING AREAS COVERED BY PAVING AND STRUCTURES) . THE LIMITS OF
THE 10 PPM ISOCONCENTRATION CONTOUR ARE SHOWN IN FIGURE 3. IT IS ESTIMATED THAT THE AREA
CONTAMINATED WITH PCB CONCENTRATIONS OF 500 PPM OR GREATER IS OVER FOUR ACRES. THE UPPER
BOUND S5 PERCENTILE CONFIDENCE LEVEL OF THE ARITHMETIC MEAN IS APPROXIMATELY 5,000 FPM FOR
ALL SAMPLES TAKEN AT THE SITE.

PCE CONTAMINATION WAS FOUND AT DEPTH IN THE TRANSFORMER STORAGE AND' DEBRIS BURIAL AREAS.
ADDITIONALLY, VOLATILE ORGANIC COMPOUND (VOC) CONTAMINATION WAS DETECTED IN SOILS DOWN TO 2.5
FEET BELOW THE GROUND SURFACE SCUTH AND EAST OF THE MEW BUILDING, THE TRANSFORMER STORAGE
ARER AND THE DEBRIS BURIAL AREA.

2. GROUND WATER

SIQg
M3Iw

PCBS WERE NOT DETECTED IN ANY OF THE GROUND WATER SAMPLES CBTAINED DURING PHASES I AND II OF
THE RI. WATER SAMPLES OBTAINED DURING PHASE IIT WERE NOT TESTED FOR PCBS. VOCS,
PARTICULARLY 1,1-DICHLORCETHANE, TRANS-1,2-DICHLOROETHENE, CHLOROBENZENE, AND
TRICHLOROETHENE, WERE DETECTED IN MONITORING WELL NOS. 3 AND S AT CONCENTRATIONS IN THE PART
PER BILLION (PPB} RANGE. THE HIGHEST CONCENTRATION OF TOTAL VOCS DETECTED WAS 320 PPB.
ANALYTICAL DATA FROM ADDITIONAL SAMPLING SHOWED THAT VOC-CONTAMINATED GROUND WATER HAS
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MIGRATED BEYOND THE MEW PROPERTY BCUNDARIES IN ONE OF THE TWO OFFSITE WELLS (SEE FIGURE 4}.

GROUND WATER IN THE VICINITY OF THE SITE IS APPARENTLY FLOWING TO THE EAST, NORTHEAST, AND
SOUTHEAST FROM THE SITE, AS THE MEW PROPERTY IS THE "HIGH" POINT IN THE IMMEDIATE AREA.
THESE GROUND WATER FLOW DIRECTIONS ARE BASED ON LIMITED OBSERVATIONS.

REGIONAL GEQLOGIC AND HYDROGEOLOGIC INFCRMATION IN THE POSSESSION OF THE MISSOURI DIVISION OF
GEQLOGY AND LAND SURVEY (DGLS) INDICATES THAT THE LIMESTONE BEDROCK EXTENDS TO A DEPTH OF
ABOUT 1,000 FEET WITHOUT A SIGNIFICANT SHALE LAYER BEING PRESENT. THIS MEANS THRT THERE IS
NQT A BARRIER OR CONFINING LAYER PRESENT TQ PREVENT THE DOWNWARD MIGRATION OF CONTAMINATICON
IN THE BEDROCK AQUIFER ONCE THE CONTAMINATION REACHES GROUND WATER. SOME OF THE VOC
CONTAMINANTS ARE KNOWN TO BE "SINKERS", I.E., THEY ARE HEAVIER THAN WATER AND TEND TO SINK
THROUGH WATER TO A CONFINING LAYER.

NO USERS OF THE UPPER PORTIONS OF THE BEDROCK AQUIFER WERE IDENTIFIED. THIS DOES NOT MEAN
THAT USERS DO NOT EXIST. USERS OF LOWER PORTIONS OF THE BEDROCK AQUIFER HAVE BEEN
IDENTIFIED.

3. SURFACE WATER AND ADJACENT WETLAND AREA

SURFACE WATER SAMPLES WERE COLLECTED IN THE DRAINAGE DITCH ALONG WILSON ROAD AND IN THE
WETLAND AREA IMMEDIATELY SOQUTH OF WILSON ROAD, NO PCBS WERE DETECTED IN ANY OF THOSE
SAMPLES .

2.3 ENFORCEMENT ACTIVITIES

AN ADMINISTRATIVE QORDER WAS ISSUED TQ MISSOURI ELECTRIC WORKS, INC., BY EPA PURSUANT TO S106
OF CERCLA ON AUGUST 2, 1988. THIS ORDER REQUIRED MISSOURI ELECTRIC WORKS, INC.,, TO PERFORM
SEVERAL RESPONSE ACTIONS, SPECIFICALLY: TQ NOTIFY THE PUBLIC OF THE SITE CONTAMINATION;
MINIMIZE THE EXPOSURE OF THE PUBLIC AND EMPLOYEES TO PCB-CONTAMINATED DUST, SOIL OR SEDIMENT;
AND MINIMIZE THE AMOUNT OF PCB-CONTAMINATED SOIL MIGRATING FROM THE PROPERTY IN SURFACE WATER
RUNOFF. EPA INSTALLED BARRIERS ACRCSS DRAINAGEWAYS DURING 1989 TO MORE EFFECTIVELY INTERCEPT
PCB~CONTAMINATED RUNOFF. ALSO AS MENTIONED ABOVE, EFA ENTERED INTQ AN ADMINISTRATIVE ORDER
ON CONSENT WITH THE MEWSC, WHEREBY THE GROUP AGREED TO PERFURM THE REMEDIAL
INVESTIGATION/FEASIBILITY STUDY {RI/FS).

2.4 NATIONAL PRIORITIES LIST STATUS

THE MISSOURI ELECTRIC WORKS SITE WAS PROPOSED FOR LISTING ON THE NATIONAL PRIORITIES LIST
{NPL) IN JUNE 1989. THE MEW SITE WAS LISTED ON THE NPL ON FEBRUARY 21, 1950.

#CP
3.0 COMMUNITY FARTICIPATION

EPA AND THE MISSOURI DEPARTMENT OF HEALTH HELD MEETINGS WITH ADJACENT PROPERTY OWNERS AND
OTHER INTERESTED CITIZENS IN CAPE GIRARDEAU, MISSOURLI ON JULY 11 AND 12, 1585. THE PURPOSE
OF THESE MEETINGS WAS TO DISCUSS THE SITE CONDITIONS AND THE HEALTH RISKS THAT THE SITE
REPRESENTED TO THE GENERAL PUBLIC. EPA STAFF PARTICIPATEDR IN TWO LOCAL CAPE GIRARDEAU,
MISSOURI RADIO TALK SHOWS DURING JULY 1989; INTERESTED CITIZENS WERE ABLE TO "CALL-IN" AND
ASK QUESTIONS OF THE EPA STAFF CONCERNING THE MISSOURI ELECTRIC WORKS SITE AND THE RELATED
ACTIVITIES.

THE ADMINISTRATIVE RECORD WAS PLACED IN THE CAPE GIRARDERU PUBLIC LIBRARY ON AUGUST 11, 1389,
A PUBLIC MEETING WAS HELD IN CAPE GIRARDEAU ON SEPTEMBER 12, 1989 TO INFORM THE PUBLIC OF THE
DETAILS OF THE ONGOING REMEDIAL INVESTIGATION AND TO IDENTIFY POSSIBLE REMEDIAL ALTERNATIVES
THAT WOULD BE CONSIDERED DURING THE FEASIBILITY STUDY. & SECOND PUBLIC MEETING WAS HELD ON
JUNE 11, 1930 TO INFORM THE PUBLIC OF THE REMEDIAL INVESTIGATION FINDINGS AND TO AGAIN
IDENTIFY THE REMEDIAL ALTERNATIVES THAT WOULD BE CONSIDERED DURING THE FEASIBILITY STUDY,
FACT SHEETS, IDENTIFYING SIGNIFICANT SITE ACTIVITIES, WERE MAILED TC EVERYONE ON THE SITE
MAILING LIST (WHICH INCLUDED LOCAL MEDIA, OFFICIALS AND PRPS) DURING JUNE, AUGUST, AND
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NOVEMBER 1989 AND MARCH, MAY AND JULY 1990.

THE RI/FS REPORTS AND PROPCSED PLAN FOR THE MISSOURI ELECTRIC WORKS SITE WERE RELEASED TO THE
PUBLIC ON AUGUST 18, 1520. THESE THREE DOCUMENTS WERE INCLUDED IN THE ADDENDUM TO THE
ADMINISTRATIVE RECORD LOCATED IN THE EPA RECORD CENTER, REGION VII AND AT THE CAPE GIRARDEAU,
MISSOURI PUBLIC LIBRARY. NOTICE OF THE AVAILABILITY OF THESE DOCUMENTS WAS PUBLISHED IN THE
NEWS GUARDIAN AND THE SOUTHEAST MISSOURIAN CN AUGUST 19, 1990. A PUBLIC COMMENT PERIOD WAS
HELD FROM AUGUST 19 TO SEPTEMBER 17, 19%0. IN ADDITION, A PUBLIC HEARING WAS HELD ON AUGUST
30, 1950. AT THIS MEETING, REPRESENTATIVEE FROM THE EPA, THE MISSOURI DEFARTMENT OF NATURAL
RESOURCES {MDNR), THE MISSOURI DEPARTMENT OF HEALTH (MDOH) AND THE AGENCY FOR TOXIC
SUBSTANCES AND DISEASE REGISTRY (ATSDR} WERE AVAILABLE TQ ANSWER QUESTIONS RBROUT PROBLEMS AT
THE SITE AND THE REMEDIAL ALTERNATIVES UNDER CONSIDERATION, EPA'S RESPONSE TO THE COMMENTS
RECEIVED DURING THIS COMMENT PERIOD IS EMBODIED IN THE RESPONSIVENESS SUMMARY.

#SRRA
4.0 SCOPE AND ROLE OF RESPONSE ACTION

THE REMEDIAL ACTION TC BE PERFORMED AT THE MISSOURI ELECTRIC WORKS SITE, HAS BEEN DIVIDED
INTO TWO PARTS: THE FIRST PART ADDRESSES THE CONTRMINATED SOILS., THE SECOND PART ADDRESSES
THE CONTAMINATED GROUND WATER. THE CONTAMINATED SCILS POSE A THREAT, CURRENT OR POTENTIAL,
TO HUMAN HEALTH AND THE ENVIRONMENT DUE TO THE RISKS OF POSSIBLE INGESTION, INHALATION OR
DERMAL CONTACT WITH THE SOILS. THE CONTAMINATED GROUND WATER POSES A THREAT, CURRENT OR
POTENTIAL, TO HUMAN HEALTH AND THE ENVIRONMENT BECAUSE OF POSSIBLE FUTURE INGESTION OF
DRINKING WATER FROM WELLS THAT CONTAIN CONTAMINANTS ABOVE HEALTH-BASED LEVELS. THE PURPCOSE
OF THE RESPONSE ACTIONS IS TC PREVENT AND/OR MINIMIZE CURRENT OR FUTURE EXPOSURE TO THE
CONTAMINATED SOILS AND GROUND WATER. THESE ACTIONS ARE EXPECTED TO BE THE FINAL RESPFONSE
ACTIONS FOR THE MEW SITE.

#s8cs
5.0 SITE CHARACTERISTICS SUMMARY

NINE CONTAMINANTS OF CONCERN WERE DETECTED AT THE SITE DURING THE INVESTIGATIONS. THESE
CONTAMINANTS INCLUDE POLYCHLORINATED BIPHENYLS (PCBS) AND VOLATILE ORGANIC COMPOUNDS (VOCS);
SPECIFICALLY, METHYLENE CHLORIDE, TRICHLOROETHANE, TRANS-1,2-DICHLOROETHENE, CHLOROCBENZENE,
1,1~-DICHLOROETHANE, TRICHLOROETHENE, TETRACHLOROETHENE, AND BENZENE. THE PRESENCE OF THESE
CONTAMINANTS IS THE RESULT OF PAST HANDLING, DISPOSAL, AND STORAGE PRACTICES AT THE SITE.

APPROXIMATELY 75 PERCENT OF THE SURFACE SOILS ON THE MISSQURI ELECTRIC WORKS FROPERTY WERE
FOUND TO BE CONTAMINATED WITH PCBS AT CONCENTRATIONS OF 10 PPM OR GREATER (SEE FIGURE 5}.
PCBS ADSORBED ONTO THE SOILS HAVE MIGRATED, PRIMARILY VIA STORM WATER RUNOFF, QONTC
SURROUNDING PROPERTIES. THIS CONTAMINATION IS GENERALLY LOCATED ALONG DRAINAGE PATHWAYS WITH
THE CONCENTRATIONS DECREASING WITH GREATER DISTANCE FROM MEW. THE HIGHEST CCONCENTRATION OF
PCBS OBSERVED IN ANY QFFSITE SAMPLE (2,030 PPM) WAS FOUND IN A DRAINAGE CHANNEL AT THE
BOUNDARY BETWEEN THE MEW PROPERTY AND THE MORRILL PROPERTY LOCATED TO THE SOUTH.

#35R
6.0 SUMMARY OF SITE RISKS

A BASELINE RISK ASSESSMENT OF THE MEW SITE WAS PERFORMED BY THE MEWSC TO ASSESS THE RISKS
POSED TO HUMAN HEALTH BY THE PCB AND VOC-CONTAMINATED SOILS AND SEDIMENTS AND THE VOC
CONTAMINATED GROUND WATER. THE COMPOUNDS OF CONCERN AND THE MEDIA IN WHICH THEY WERE
DETECTED ARE PRESENTED IN TABULAR FORM BELOW.
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DETECTED COMPOUNDS ENVIRONMENTAIL MEDIA
PCBS S0IL, SEDIMENT, AIR
METHYLENE CHLORIDE SOIL
TRICHLOROETHANE S0IL

TRANS 1, 2-DICHLOROETHENE GROUND: WATER
CHLOROBENZENE S0IL, GROUND WATER
1,1 DICHLOROETHANE GROUND WATER
TRICHLOROETHENE GERQUND WATER
TETRACHLOROETHENE GROUND WATER
BENZENE GROUND WATER

PATHWAYS THROUGH WHICH POPULATICONS COULD POTENTIALLY BECOME EXPOSED WERE EVALUATED. THESE
PATHWAYS INCLUDE: 1) INGESTION OF CONTAMINATED SCILS; 2) DERMAL {SKIN} CONTACT WITH
CONTAMINATED SOILS; 3) INHALATICN OF CONTAMINATED SOIL PARTICLES AND VAPORS; AND 4) INGESTION
OF CONTAMIMNATED GROUND WATER.

INCREMENTAL LIFETIME CANCER RISKS AND A MEASURE OF THE POTENTIAL FOR NONCARCINOGENIC ADVERSE
HEALTH EFFECTS WERE ESTIMATED FOR EACH POPULATION IN EACH EXPOSURE SCENARIO, FOR
CARCINOGENIC COMPOUNDS, RISKS WERE ESTIMATED BY MULTIPLYING THE ESTIMATED EXPOSURE DOSE BY
THE CANCER POTENCY FACTOR OF EACH CONTAMINANT. THE PRODUCT OF THESE TWO VALUES IS AN
ESTIMATE OF THE INCREMENTAL CANCER RISK.

FOR NONCARCINOGENIC COMPOUNDS, A HAZARD INDEX (HI} VALUE WAS ESTIMATED. THIS VALUE IS A RATIO
BETWEEN THE ESTIMATED EXPCSURE DOSE AND THE REFERENCE DOSE (RFD) WHICH REPRESENTS THE AMOUNT
OF TOXICANT THAT 1S5 UNLIKELY TO CAUSE ADVERSE HEALTH EFFECTS. GENERALLY, IF THE HI IS LESS
THAN CONE, THE PREDICTED EXPOSURE DOSE IS NOT EXPECTED TO CAUSE HARMFUL NONCARCINOGENIC HUMAN
HEALTH EFFECTS. WHERE THE HI EXCEEDS ONE, THE POTENTIAL TO CAUSE ADVERSE NONCARCINOGENIC
HUMAN HEALTH EFFECTS INCREASES AS THE HI INCREASES.

DUE TO THE POTENTIAL ADDITIVE EFFECTS OF INGESTION, INHALATION AND DERMAL CONTACT TO
CONTAMINANTS VIA DIFFERENT PATHWAYS, EXPOSURE ROUTES FOR SOIL WERE IDENTIFIED. THERE ARE
THREE ROUTES AT WHICE POPULATIONS COULD POTENTIALLY BE EXPOSED VIA ONE OR A COMBINATION OF
SCENARIOS. THESE EXPOSURE ROUTES ARE: 1) OCCUPATIONAL (SITE WORKERS); 2) RECREATIONAL USERS
OF THE SITE, BOTH ADULTS AND CHILDREN; AND 3} RESIDENTIAL PQPULATIONS, BOTH ADULTS AND
CHILDREN. THESE EXPOSURE SCENARIOS WERE EVALUATED FOR CURRENT AND FUTURE USES OF THE SITE.
THE FUTURE USE SCENARIC INCLUDED INGESTICN OF CONTAMINATED GROUND WATER AS AN ADDITIONAL
EXPOSURE PATHWAY.

FOR PURPOSES OF THE RISK ASSESSMENT, IT WAS ASSUMED THAT NO REMEDIAI, ACTION WOULD BE
PERFORMED AT THE SITE IN ORDER TO EVALUATE THE POSSIBLE FUTURE RISKS POSED BY THE
CONTEMINATION. THE RISKS POSED BY THE SOIL CONTAMINATION AT THE SITE ARE SUMMARIZED IN
TAELES 1 TO 6.

NO CURRENT EXPOSURE RISK WAS EVALUATED FOR GROUND WATER. INFORMATION INDICATES THAT THERE
ARE CURRENTLY NOQ USERS OF THE UPPER PORTION OF THE GROUMD WATER. NO CONTAMINATION WAS
DETECTED IN THE GROUND WATER SAMPLES OBTAINED FROM THE ONSITE DRINKING WATER WELL. RISKS TO
HUMAN HEALTH WERE EVALUATED ASSUMING THAT DRINKING WATER WELLS WOULD BE INSTALLED IN THE
CONTAMINATED ZONE OF THE BEDROCK AQUIFER IN THE FUTURE, FOR HUMAN CONSUMPTION. TABLES 7 TO 9
SUMMARIZE THE RISKS ASSOCIATED WITH INGESTION OF CONTAMINATED GROUND WATER.

THE ANALYSES PERFORMED INDICATED THAT THE MEW SITE CURRENTLY PRESENTS AN UNACCEPTABLE RISK TO
HUMAN HEALTH AND THE ENVIRONMENT FOR ALL OF THE EXPOSURE SCENARIOS. WITH RESPECT TO THE
GROUND WATER, AVAILABLE INFORMATION ON THE REGIONAL GEOLOGIC CONDITIONS INDICATES THERE IS
NOT A BARRIER IN THE LIMESTONE BEDROCK TQ PREVENT DOWNWARD CONTAMINANT MIGRATICN IN THE
GROUND WATER. THE DEPTH TO THE FIRST BARRIER IS ESTIMATED TO BE APPROXIMATELY 1,000 FEET.
BECAUSE THE POTENTIAL FOR EXPOSURE IS GREATER DUE TO INCREASED GROUND WATER USAGE AT SUCH
DEPTHS, THE CONTAMINATION MUST BE ADDRESSED.
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7.0 REMEDIAL GOALS

EPA'S NATIONAL GOAL FOR THE SUPERFUND PRCGRAM IS TO SELECT REMEDIES THAT WILL BEE PROTECTIVE
OF HUMAN HEALTH AND THE ENVIRONMENT, THAT WILL MAINTAIN PROTECTION OVER TIME AND THAT WILL
MINIMIZE UNTREATED WASTE. IN ESTABLISHING REMEDIAL GQALS FOR THE MEW SITE, EPA CONSIDERED
APPLICAELE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) SPECIFIC TO THE CONTAMINANTS OF
CONCERN; THE RISK ASSESSMENT; MAXIMUM CONTAMINANT LEVELS (MCLS) AND MAXIMUM CONTAMINANT LEVEL
GOALS (MCLGS) ESTABLISHED UNDER THE SAFE DRINKING WATER ACT; AND EPA GUIDANCE AND POLICY,
SPECIFICALLY THE TSCA PCB SPILL: CLEANUP POLICY, 40 CFR PART 761 (A COMPLETE LIST OF ARARS FOR
THE SELECTED REMEDY IS INCLUDED AS APPENDIX 3A),

FOR SOIL CONTAMINATION, EPA CONSIDERS A CLEANUP LEVEL OF 10 PFM PCBS TO A DEPTH OF FOUR FEET
AND 100 PPM IN SOILS BELOW FOUR FEET TO BE FROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.
WITH THESE CLEANUP LEVELS, THE GEOMETRIC MEAN OF ANALYTICAL DATA QF SAMPLES OBTAINED OUTSIDE
THE AREA TO BE EXCAVATED IS ESTIMATED TO BE 6 FPM. THIS RESIDUAL CONTAMINATION
CONCENTRATION, AFTER CLEANUP, REPRESENTS AN EXCESS UPPER BOUND LIFETIME CANCER RISK ON THE
ORDER OF 2 X (10-5). THESE CLEANUP LEVELS ARE CONSISTENT WITH THE TScA PCB SPILL CLEANUP
POLICY,

FOR GROUND WATER CONTAMINATION, EPA HAS DETERMINED THAT A CLEANUP LEVEL OF 20 PPB FOR
CHLOROBENZENE, WHICH HAS BEEN DETECTED AT LEVELS UP TO 240 PPB, AND 5 PFE FOR TRICHLOROETHENE
(TCE)}, WHICH HAS BEEN DETECTED} AT LEVELS UP TO 19 PPB, IS ADEQUATE TO PROTECT HUMAN HEALTH
AND THE ENVIRONMENT. THE RESIDUAL CONTAMINATION LEVELS, AFTER CLEANUP, REPRESENT AN EXCESS
UPPER BOUND LIFE-TIME CANCER RISK ON THE ORDER OF 1 X (10-5}. THESE CLEANUP LEVELS COMPLY
WITH MISSOURI WATER QUALITY STANDARDS AND THE MCLS FOR THOSE CONTAMINANTS.

THE CLEANUP LEVELS FOR THE MEW SITE RESULT IN CANCER RISKS IN EXCESS OF 1 X {(10-6), WHICH IS
THE POINT QOF DEPARTURE FOR DETERMINING REMEDIATION GOALS. THE CLEANUP LEVELS FOR THE SITE
HAVE BEEN IDENTIFIED AFTER CONSIDERING THE BACKGROUND LEVELS OF PCBS IN THE ENVIRONMENT AND
THE TECHNICAL IMPRACTICABILITY OF REMOVING PCBS BELOW 10 PPM. GROUND WATER CLEANUP LEVELS
WERE SELECTED BASED ON THE TECHNWICAL LIMITS OF REMEDIATION., CASE STUDIES FOR GRCOUND WATER
REMEDIATIONS HAVE INDICATED THAT THE EFFECTIVE REMOVAL OF CONTAMINANTS FROM THE GROUND WATER
LESSENS AS CONTAMINANT CONCENTRATIONS DECREASE.

#DA
8.0 DESCRIPTION OF ALTERNATIVES

THE MEWSC PERFORMED A FEASIBILITY STUDY (F5) TC DEVELOP AND EVALUATE ALTERNATIVES FCR
REMEDIATION OF THE CONTAMIMNATED SOIL AND GROUND WATER AT THE SITE. THE REMEDIAL ALTERNATIVES
DEVELOPED AND EVALUATED IN THE FS ARE PRESENTED BELOW. {ALTERNATIVES FOR CONTAMINATED SOIL
ARE IDENTIFIED WITH AN "SM" PREFIX; GROUND WATER ALTERNATIVES ARE IDENTIFIED WITH A "GM"
PREFIX, IDENTIFICATICN NUMBERS MATCH THOSE PRESENTED IN THE FS.)

FOR CONTAMINATED SOQILS:

* ALTERNATIVE SM-1 - 4 NO ACTION ALTERNATIVE

. ALTERNATIVE SM-2 - 4 LIMITED ACTION ALTERNATIVE
. ALTERNATIVE SM-4 - 4 ASPHALT CAP

L ALTERNATIVE SM-6 - 4 OFFSITE LANDFILL

» ALTERNATIVE SM-7 - 4 SOLIDIFICATION/FIXATION

» ALTERNATIVE SM-8 -~ 4 SOLVENT EXTRACTION

. ALTERNATIVE SM-10 - IN-SITU VITRIFICATION
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. ALTERNATIVE SM-11 - ROTARY KILN INCINERATION

FPOR GROUND WATER CONTAMINATION:

. ALTERNATIVE GM-1 - 4 NO ACTION

. ALTERHNATIVE GM-2 - 4 LIMITED ACTION ALTERNATIVE

. ALTERMATIVE GM-3 - 4 EXTRACTION WITH DISCHARGE TO SURFACE WATER
- ALTERNATIVE GM-4 - 4 EXTRACTION WITH DISCHARGE TO POTW

. ALTERNATIVE GM-S5 - 4 AIR-STRIPPING

. ALTERNATIVE GM-6 « 4 LIQUID PHASE CARBON ADSCRPTION

. ALTERNATIVE GM-7 - 4 ULTRAVIOLET CATALYZED OXIDATION

8.1 SOIL/SEDIMENT REMEDIAL ALTERMATIVES

ALL PCB~CONTAMINATED SOQILS WITH CONCENTRATIONS IN EXCESS OF 10 PPM WILL BE ADDRESSED DURING
THIS REMEDIAL ACTION., THE VOLUME OF PCB-CONTRMINATED SOILS AND SEDIMENTS TO BE ADDRESSED
WITH THIS REMEDIAL ACTION IS ESTIMATED TO BE 20,500 CUBIC YARDS. THIES ESTIMATE 1S BASED ON
THE RI AND OTHER INVESTIGATIONS PERFORMED AT THE SITE.

8,1.1 NO ACTT SM-1

AS SET FORTH IN THE NATIONAL CONTINGENCY PLAN, 40 CFR PART 300 (NCP}, A NO ACTION ALTERMATIVE
MUST BE CONSYDERED IN THE EVALUATION AND SELECTION OF A REMEDIAL ACTION FOR NPL SITES, THIS
ALTERNATIVE WOULD PROVIDE NO TREATMENT OF THE SOILS OR GROUND WATER, NOR ANY ENGINEERING
CONTROLS OR INSTITUTIONAL CONTROLS, COURRENT SITE CONDITIONS, MIGRATION ROUTES, AND EXPOSURES
WOQULD REMAIN UNCHANGED IN THE NEAR- AND LONG-TERM. TREATABILITY TESTS WILL NOT BE REQUIRED.
NO COSTS WOULD BE ASSCOCIATED WITH THIS REMEDY,

1.2 L TERMATIVE -

THE LIMITED ACTION ALTERNATIVE FOR THE MEW SITE INCORPORATES PHYSICAL AND INSTITUTICNAL
CONTROLS TO LIMIT DIRECT EXPOSURE TO THE CONTAMINATED SOILS/SEDIMENTS/WASTE, AND PROVIDES FOR
LONG-TERM MONITORING AND MAINTENANCE OF THE SITE. THIS ALTERNATIVE WOULD CONSIST OF:
INSTALLATION OF A PHYSICAL BARRIER ARCUND ALL OWSITE AND OFFSITE AREAS EXHIBITING SURFICIAL
S0IL PCB CONCENTRATIONS OF 10 PPM QR GREATER; USE OF INSTITUTIONAL CONTROLS TO PROHIBIT
DISTURBANCE OF CONTAMINATED SOILS/SEDIMENTS/WASTE AND TO RESTRICT USE OF THE SITE TO
INDUSTRIAL PURPOSES; AND MAINTENANCE OF THE SITE INCLUDING VEGETATIVE COVER, PERIMETER
FENCING, AND ALL OTHER APPROPRIATE SUPPORT FACILITIES. TREATABILITY TESTS WOULD NOT BE
REQUIRED, MONITORING AND MAINTENANCE WOULD CONTINUE FOR AT LEAST 30 YEARS.

ESTIMATED TIME FOR CONSTRUCTICN 2 MONTHS

ESTIMATED TIME TO IMPLEMENT 30 YERRS

ESTIMATED CAPITAL COST $65,000

ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $7,000

ESTIMATED PRESENT WORTH COST $140,325
8. PHALT =

THE ALTERNATIVE WOULD INVOLVE CONSOLIDATING THE CONTAMINATED SOILS AND COVERING THEM WITH A
LOW PERMEABILITY ASPHALT CAP. THE PURPOSE OF THIS CAP WOULD BE TC REDUCE THE POTENTIAL FOR
MIGRATION OF CONTAMINATION INTC THE GROUND WATER, PREVENT DIRECT CONTACT WITH THE WASTE MASS
AND REDUCE POTENTIAL MIGRATION FROM STORM WATER AND/OR PRECIPITATION RUNOFF. ALL CONTAMINATED
SOILS FROM OFFSITE AREAS WOULD BE CONSOLIDATED WITH SOILS FROM SOME ONSITE AREAS TO OCCUPY
APPROXIMATELY FOUR ACRES LOCATED IN THE EASTERN TWO-THIRDS OF THE MEW PROPERTY. RIP-RAP
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WOULD BE PLACED ON THE SIDE SLOPES OF THE PROPERTY TO MINIMIZE THE POTENTIAL FOR MIGRATION
DUE TO EROSION. HEAVY EQUIPMENT WOULD BE USED TO CONSTRUCT THE CAP, WHICH WOULD PROBAELY BE
CONSTRUCTED OF ASPHALT. TREATABILITY TESTS WOULD NOT BE REQUIRED. AFTER CONSTRUCTION,
FENCES WOULD BE ERECTED AROUND THE MEW PROPERTY, SIGNS WOULD BE INSTALLED AND A
MONTTORING/MAINTENANCE PROGRAM INITIATED. MONITORING AND MAINTENANCE WOULD CONTINUE FOR AT
LEAST 30 YEARS.

ESTIMATED TIME FOR CONSTRUCTION 2 MONTHS

ESTIMATED TIME TC IMPLEMENT 20 YEARS

ESTIMATED CAPITAL COST 825, 000

ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST 613,000

ESTIMATED PRESENT WORTH COST £954, 000
FIL -

ALL SOILS CONTAMINATED WITH CONCENTRATIONS OF PCBS OF 10 PPM OR GREATER WOULD BE EXCAVATED TO
A DEPTH OF FQUR FEET; BELOW THAT DEPTH, THOSE AREAS WITH PCBE COMCENTRATIONS IN EXCESS OF 100
PPM WOULD BE EXCAVATED. THE EXCAVATED MATERIAL WOULD BE TRANSPORTED OFFSITE BY TRUCK TO A
TSCA-PERMITTED CHEMICAL WASTE LANDFILL. THE EXCAVATED AREAS WOULD BE BACKFILLED, USING CLEAN
MATERIAL FROM QFFSITE BORROW AREAS, AND REVEGETATED. THE PRINCIPAL COMPONENTS OF THIS
ALTERNATIVE WOULD CONSIST OF IDENTIFICATION OF AN EPA-APPROVED FACILITY TO ACCEPT THE
PCB-CONTAMINATED SOILS; EXCAVATION AND TRANSPORTATION OF THE CONTAMINATED SOILS; PLACEMENT OF
THE CONTAMINATED SOILS IN THE SELECTED FACILITY; RESTORATION OF THE MEW SITE, INCLUDING
BACKFILLING, COMPACTION, AND FINAL GRADING FOR DRAINAGE; AND REVEGETATION OF THE MEW SITE.
TESTING OF THE EXCAVATED SQILS WOULD BE REQUIRED TO VERIFY LANDFILL ACCEPTANCE.

ESTIMATED TIME TO IMPLEMENT 2 MONTHS
ESTIMATED CAPITAL COST 510,900,000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $0
ESTIMATED PRESENT WORTH COST $10,900,000

NOTE: FOR S0QIL ALTERNATIVES SM-6, SM-7, SM-8, AND SM-10, ALL SOILS CONTAMINATED WITH PCB
CONCENTRATIONS OF 10 PFM OR GREATER WOULD BE EXCAVATED TO A DEPTH OF FOUR FEET; BELOW THAT
DEPTH SOILS CONTAINING PCBS IN EXCESS OF 100 PPM WOULD BE EXCAVATED. THE EXCAVATED MATERIAL
WOULD BE STOCKPILED ON THE MEW PROPERTY IN AREAS CONSTRUCTED TO CONTAIN RUNOFF AND THE PILES
WOULD BE COVERED TC MINIMIZE CONTAMINANT MIGRATION DUE TO WIND EROSION.

STABILIZATION/FIXATION IS A TREATMENT PROCESS WHICH EMPLOYS ADDITIVES TO DIMINISH THE
HAZARDOUS NATURE OF MATERIALS CONTAINING HAZARDOUS CONSTITUENTS BY CONVERTING THE WASTE INTO
A FORM THAT IMMOBILIZES THE HAZARDOUS CONSTITUENTS WITHIN A STABLE MATRIX. STABILIZATION
PROCESSES TYPICALLY INVOLVE MIXING THE WASTE WITH CHEMICAL REAGENTS TO IMMOBILIZE
CONTAMINANTS AND IMPROVE THE PHYSICAL PROPERTIES OF THE WASTE. THIS PROCESS WOULD REDUCE THE
MIGRATION POTENTIAL OF THE PCBS. TREATABILITY TESTS WOULD BE REQUIRED TO IDENTIFY THE MOST
EFFECTIVE ADDITIVES AND THE OPTIMUM PERCENTAGE AND RATIOS OF THE ADDITIVES. THE EXCAVATED
SOILS WOULD BE PROCESSED AND FED INTO A MIXER (SIMILAR TO A PUGS MILL) WHERE THE MOISTURE
CONTENT WOULD BE ADJUSTED AND A STABTILIZATION/FIXATION AGENT ADDED, TIGHT CONTROLS ON
MIXTURE RATIOS WOULD BE EXERCISED, A HIGH DEGREE OF QUALITY CONTROL WOULD BE REQUIRED AND
EXERCISED DURING THE MIXING AND ELENDING PROCESS. AN AREA ON THE MEW PROPERTY WOULD BE
EXCAVATED TO CREATE CELLS WITH SUFFICIENT VOLUME TC RECEIVE THE PROCESSED SOILS. THE
PROCESSED SOILS WOULD BE TRANSPORTED TO THE EXCAVATED MONOLITH AREA, PLACED AND COMPACTED IN
THE CELLS. A SOIL COVER, THIRTY (30} INCHES THICK WOULD} BE CONSTRUCTED OVER THE CELLS. THE
COHESIVE NATURE (CLAYEY) OF THE SITE SOILS COULD CAUSE A PROBLEM IF ADDITIVES ARE NOT
EFFECTIVE IN SCLIDIFYING THEM OR FIXING THE CONTAMINATION; TREATABILITY TESTS WOULD BE
REQUIRED. INSTITUTIONAL CONTROLS WOULD BE REQUIRED TO RESTRICT USE OF THE MEW FROPERTY. THE
AREA WOULD BE FENCED AND SIGNS INSTALLED. LONG- TERM MONITORING WOULD BE INITIATED.
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ESTIMATED TIME PFOR CONSTRUCTION 1 YEAR
ESTIMATED TIME TQ IMPLEMENT 30 YEARS
ESTIMATED CAPITAL COST $4,300,000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST 513,500
ESTIMATED PRESENT WORTH COST $4,400,000

THIS ALTERNATIVE WOULD EMPLOY A CHEMICAL SEPARATION PROCESS UTILIZING ONE OR MORE OF A FAMILY
OF ALIPHATIC AMINE OR QTHER SOLVENTS. WHILE THE PROCESSES ARE LESIGNED TO RECOVER AND
RECYCLE SOLVENTS USED FOR EXTRACTION, THE FINE-GRAINED NATURE OF THE SOILS AT THE MEW SITE
MAY HINDER RECOVERY, RESULTING IN SOME AMOUNT OF SOLVENT REMAINING IN TREATED SQILS. SITE
S0ILS MAY REDUCE THE EFFECTIVENESS OF THE PROCESS THEREBY MAKING IT MORE DIFFICULT TO
IMPLEMENT. THE AVAILABILITY OF THE PROCESS EQUIPMENT IS UNCERTAIN. SOLVENT EXTRACTION
PROCESSES APPLIED TO SOIL CONTAMINATION ARE GENERALLY CONSIDERED TO BE IN A DEVELOPMENTAL/
DEMONSTRATION STATE. STUDIES HAVE SHOWN THE PROCESS TO BE CAPAELE OF 99+ PERCENT REMOVAL OF
PCBS FROM A WIDE VARIETY OF SLUDGES, SOILS AND SEDIMENTS. EXCAVATED SOILS WOULD REQUIRE
PROCESSING PRICR TO TREATMENT. THE SOILS WOULD BE PLACED IN A CLOSED MIXING CHAMBER WHERE A
CHILLED SOLVENT WOULD THEW BE INTRODUCED. MIXING WOULD OCCUR, THE SOLIDS WOULD BE ALLOWED TO
SETTLE, AND THE SOLVENT WOULD BE PUMPED OFF. ADDITIONAL SOLVENT "CHARGES" WOULD BE ADDED, AS
NECESSARY, TO ATTAIN CLEANUP STANDARDS (SEE FIGURE 6 FOR A DIAGRAM OF THE PROCESS) .

EXTRACTED PCBS WOULD EE COLLECTED, STORED AND DISPOSED OFFSITE BY INCINERATION IN ACCORDANCE
WITH TSCA REGULATIONS. RESIDUAL WATER MAY BE A BYPRODUCT OF THE PROCESS. THIS WATER COULD
REQUIRE TESTING AND ADDITIONAL TREATMENT. CONSTRUCTION OF A WASTEWATER TREATMENT PLANT TO
PROCESS THE RESIDUAL WATER COULD BE NECESSARY. (THE 'COSTS PRESENTED BELOW DO NOT INCLUDE
THOSE FOR A WASTEWATER TREATMENT PLANT.} THE EXCAVATED AREAS WOULD BE BACKFILLED, USING THE
TREATED SOILS AND COVERED WITH A CLEARN SOIL COVER.

A TREATABILITY STUDY WOULD BE NEEDED FOR THIS REMEDIAL ACTION ALTERNATIVE TO EVALUATE ITS
FEASIBILITY FOR THE SITE CONDITIONS AND TO EVALUATE THE REACTION TIME NEEDED TO ACHIEVE
CLEANUP LEVELS.

ESTIMATED TIME TO IMPLEMENT 1 YEAR

ESTIMATED CAPITAL COST $6,400,000

ESTIMATED ANNUAL, OPERATION AND MAINTENANCE COST $0

ESTIMATED PRESENT WORTH COST $6,400,000
7 - VITR AT, IVE -

IN-STTU VITRIFICATION IS A TREATMENT PROCESS THAT USES AN ELECTRIC CURRENT TO HEAT SOILS TO
THEIR MELTING POINT, DUE TO THE RELATIVELY SHALLOW DEPTH OF CONTAMINATION AT THE SITE,
CONTAMINATED SOILS WOULD BE EXCAVATED AND PLACED IN 12 TO 15-FOOT TRENCHES FOR TREATMENT.
ELECTRODES WOULD BE PLACED INTO THE SOIL IN THE TRENCHES AND AN ELECTRIC CURRENT INDUCED
BETWEEN THE ELECTRODES. THE CURRENT WOULD HEAT THE SOILS, CAUSING THEM TO MELT. THE MELTING
SOILS WOULD CAUSE A 20 TO 40 PERCENT REDUCTION IN THE VOLUME OF THE SOILS BEING TREATED.

THIS PROCESS HAS BEEN SHOWN TO DESTROY ORGANIC CONTAMINANTS, I.E, PCBS, BY PYROLYZING THEM
(SEE FIGURE 7). BY-PRODUCTS OF THE PYROLYSIS MIGRATE TO THE SURFACE AND BURN IN THE PRESENCE
OF OXYGEN, A SPECIALLY DESIGNED HOOD WOULD BE PLACED OVER THE TREATMENT AREA TO COLLECT
GASES GENERATED DURING THE PROCESSING AND MAINTAIN A CONTROLLED ATMOSPHERE IN WHICH THE GASES
COULD BURN, THE GRSES IN THE HOOD WOULD BE PROCESSED THROUGH VARIOUS STEPS BEFORE BEING
RELEASED INTO THE ATMOSPHERE. TRERATABILITY TESTS ARE LIKELY TO BE NEEDED.

ESTIMATED TIME TO IMPLEMENT 1 YEAR
ESTIMATED CAPITAL COST $11,200,000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST S0
ESTIMATED PRESENT WORTH COST 311,200,000
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THE ONSITE INCINERATION ALTERNATIVE PROVIDES AN ONSITE TREATMENT PROCESS TO MANRGE
PCB-CONTAMINATED SOILS FROM ALL ONSITE AND OFFSITE AREAS. ROTARY KILN INCINERATORS (SEE
FIGURE 8) ARE PROBABLY THE MOST COMMON TYPE OF EQUIPMENT USED FOR MOBILE INCINERATION BECAUSE
THEY HAVE BEEN COMMERCIALLY PROVEN, PROVIDE FLEXIBILITY IN HANDLING MANY TYPES OF MATERIALS
AND PROVIDE GOOD MIXING AND LONG RESIDENCE TIMES FOR SOLIDS. A TRIAL BURN WOULD BE REQUIRED
TO IDENTIFY THE RESIDENCE TIME REQUIRED TO DESTRCY THE PCB CONTAMINATION.

THE INCINERATION OPERATION WOULD REQUIRE APPROXIMATELY ONE ACRE OF SPACE AT THE SITE. THE
CONTAMINATED SOILS WOULD BE PROCESSED TO OBTAIN THE PROPER PARTICLE SIZE AND THEN "FED®" INTO
THE LOWER END OF THE COMBUSTION CHAMBER. USE QF A HIGH COMBUSTION AIR VELOCITY AND
CIRCULATING SOLIDS WOULD RESULT IN A UNIFCRM TEMPERATURE AROUND THE COMBUSTION LOOP RESULTING
IN RAPID HEATING OF THE MATERIALS AND HIGHLY EFFICIENT COMBUSTION, THUS ELIMINATING THE NEED
FOR AN AFTERBURNER OR SECONDARY COMBUSTION OF QFF-GASES. THERMAL TREATMENT WOULD ACHIEVE A
PCB-DESTRUCTION EFFICIENCY OF 99.9999 PERCENT,

EXHADST GASES WOULD EE ROUTED TO AIR POLLUTION CONTROL DEVICES CONSISTING OF FLUE-GAS COOLERS
AND PARTICULATE REMOVAL SYSTEMS BEFORE BEING RELEASED TO THE ATMOSPHERE. ACID GASES WOULD BE
REMOVED IN-SITU. DURING OPERATION, TREATED SOIL AND ASH WOULD BE REMOVED PERICDICALLY AND
COOLED.

AFTER THERMAL TREATMENT, THE TREATED SOILS AND ASH WOULD BE TESTED USING, THE TOXICITY
CHARARCTERISTIC LEACHING PROCEDURE (TCLP) PRIOR TO THEIR USE AS BACKFILL FOR THE EXCAVATED
AREAS OF THE SITE. AFTER BACKFILLING THE EXCAVATED AREAS, A SCOIL COVER WOULD BE CONSTRUCTED
OVER THE SITE AND THE SITE WOULD BE REVEGETATED.

ESTIMATED TIME TC IMPLEMENT 1-2 YEARS
ESTIMATED CAPITAL COST $8,400, 000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST 40

ESTIMATED PRESENT WORTH COST $8,400,000

8.2 GROUND WATER REMEDIAL ALTERMATIVES

BASED ON AVAILABLE DATA, IT IS ESTIMATED THAT THE VOLUME OF GROUND WATER THAT WILL REQUIRE
TREATMENT IS 1,000,000 GALLONS. THIS FIGURE IS BASED ON INFORMATION GATHERED DURING THE
INSTALLATION AND SAMPLING OF THE MONITORING WELLS.

p.Y ON -

AS SET FORTH IN THE NCP, A NO ACTION ALTERNATIVE MUST BE CONSIDERED IN THE EVALUATICN AND
SELECTION OF A REMEDIAL ACTION FOR AN NPL SITE. THIS ALTERNATIVE WOULD PRQVIDE NG TREATMENT
OF GROUND WATER, NO ENGINEERING CONTROLS OR INSTITUTIONAL CONTROLS. CURRENT SITE CONDITIONS,
MIGRATION ROUTES AND EXPOSURES WOULD REMAIN UNCHANGED IN THE NEAR- AND LONG-TERM, RO COSTS
WOULED: BE ASSOCIATED WITH THIS REMEDY.

2.2 I =

THIS ALTERNATIVE WOULD INCORPORATE PHYSICAL AND INSTITUTIONAL CONTROLS TO PREVENT OR LIMIT
DIRECT EXPOSURE TO THE CONTAMINATED SOILS/SEDIMENTS AND GROUND WATER AND WOULD PROVIDE FOR
MONITORING OF THE GROUND WATER CONTAMINATION., MONITORING OF THE GROUND WATER WOULD BE
ACCOMPLISHED USING AN ARRAY OF ONSITE AND DOWNGRADIENT WELLS DESIGNED TQ TRACK THE LEADING
EDGE OF THE CONTAMINATICN PLUME AND QUANTIFY HORIZONTAL MIGRATION WITHIN THE WATER BEARING
UNIT. ANALYTICAL DATA GATHERED DURING THE MONITORING ACTIVITIES WOULD BE EVALUATED TO
DETERMINE IF ADDITIONAI. REMEDIAL ACTICNS ARE NECESSARY, THE MONITORING WOULD BE CONTINUED
UNTIL CONTAMINANT LEVELS IN THE GROUND WATER FALI. BELOW THE MCLS {IT 1S ASSUMED THAT THE
MONITORING WOULD CONTINUE FOR 30 YEARS).
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ESTIMATED TIME FOR CONSTRUCTION 2 MONTHS
ESTIMATED TIME TO IMPLEMENT 30 YEARS
ESTIMATED CAPITAL COST $73,500

ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST 536,000
ESTIMATED PRESENT WORTH COST {30 YEARS, 10 PERCENT) $375,000

FOR ALTERNATIVES GM-3 THROUGH GM-7, A GROUND WATER EXTRACTION SYSTEM CONSISTING OF SIK TO TEN
WELLS WOULD BE CONSTRUCTED., PRIOR TO THE INSTALLATION OF THE GROUND WATER REMEDIATIOH
SYSTEM, ADDITIONRAL INVESTIGATION OF THE HYDROGEOLOGIC REGIME IN THE VICINITY OF THE MEW SITE
WILL BE PERFORMED. THE PURPOSE OF THIS INVESTIGATION WILL BE TCO IDENTIFY INFORMATION
NECESSARY FOR THE DESIGN OF THE GROUND WATER REMEDIATION SYSTEM. THIS SYSTEM WOULD BE USED
TO REMOVE THE CONTAMINATED GROUND WATER. FIGURE 9 PRESENTS A PCSSIBLE CONFIGURATION OF
EXTRACTION WELLS AND THRIR RELATION TO THR GROUND WATER CONTAMINANT PLUME.

AFTER EXTRACTION, THE GROUND WATER WOULD BE DISCHARGED THROUGH AN EFFLUENT MONITORING STATION
TO A RELEASE POINT ALONG THE WILSON ROAD DITCH. THIS ALTERMATIVE WOULD ESSENTIALLY REMOVE
THE CONTAMINANTS FROM THE GROUND WATER AND PLACE THEM IN THE SURFACE WATER/SEDIMENT AND
ATMOSPHERE. IT RELIES SOLELY ON DILUTION TO MEET THE WATER QUALITY CRITERIA. IT WOULD
INCREASE THE MOEILITY OF THE CONTAMINANTS DUE TO VOLATILIZATION.

ESTIMATED TIME TO IMPLEMENT 15 YEARS
ESTIMATED CAPITAL COST $165,000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $12,0Q00
ESTIMATED PRESENT WORTH COST (15 YEARS, 10 PERCENT) $510,000

AFTER EXTRACTION, THE GROUND WATER WOULD BE DISCHARGED TO THE MUNICIPAL WATER TREATMENT
SYSTEM FOR TREATMENT. THIS ALTERNATIVE WOULD CONTINUE UNTIL CLEANUFP LEVELS ARE MET
{(ESTIMATED TO BE 30 YEARS). MONITORING OF THE GROUND} WATER QUALITY WOULD BE NEEDED
PERIQODICALLY TO ENSURE THAT DISCHARGE REQUIREMENTS WERE MET.

ESTIMATED TIME TO IMPLEMENT 30 YEARS
ESTIMATED CAPITAL COST $100, 000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $108,000
ESTIMATED PRESENT WORTH COST (30 YBARS, 10 PERCENT) 51,100,000

NOTE: ALL GROUND WATER TREATMENT TECHNOLOCGIES DESCRIBED IN THE FOLLOWING PARAGRAPHS ARE
ESTIMATED TO CONTINUE FOR A PERICD OF APPROXIMATELY 15 YEARS. EXTRACTICN OF GROUND WATER
WOULD CONTROL MIGRATION OF THE CONTAMINANT PLUME. MONITORING TO EVALUATE THE EFFECTIVENESS
OF THE TREATMENT TECHNOLOGY AND MAINTENANCE OF THE GROUND WATER EXTRACTION SYSTEM WOULD BE
REQUIRED FOR ALL TREATMENT TECHNOLOGIES.

8.2.5 ATR-STRIPPING ALTERNATIVE (GM-5)

AFTER EXTRACTION, THE GROUND WATER WOULD BE PUMPED THROUGH A FILTER SYSTEM TO REMOVE
SUSPENDED PARTICULATES. THIS WOULD BE FOLLOWED BY INJECTION INTQ THE TOP OF A PACKED
AIR-STRIPPER COLUMN EQUIPPED WITH AN AIR BLOWER. THE TRERTED WATER EFFLUENT WOULD THEN BE
PIPED TC AN OUTFALL ALONG WILSON ROAD OR TO THE LOCAL PUBLICLY OWNED TREATMENT WORKS (POTW).
THE VOCS "STRIPPED® FROM THE GROUND WATER WOULD BE PROCESSED THROUGH R VAPOR-PHASE CARBON
ADSORPTION FILTER TO PREVENT THE RELEASE OF VOCS TO THE ATMOSPHERE. A SCHEMATIC OF AN
AIR-STRIPPING PROCESS IS PRESENTED IN FIGURE 10, THE VOLUME AND QUALITY OF THE TREATED
EFFLUENT WOULD BE MONITORED PRIOR TO ITS RELEASE. TREATAEBILITY STUDIES WOULD BE NEEDED PRIOR
TO FINAL DESIGN OF THE SYSTEM. PROCESS RESIDUALS, SUCH AS THE SPENT ACTIVATED CARBON, WOULD
REQUIRE DISPOSAL.
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ESTYIMATED TIME TO IMPLEMENT 15 YEARS
ESTIMATED CAPITAL COST $242,000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $64,010
ESTIMATED PRESENT WORTH COST (15 YEARS, 10 PERCENT) $730,000

2 IQUID PHASE ADSORPT TIVE -

AFTER EXTRACTION, THE GROUND WATER WCOULD BE PUMPED THROUGH A FILTER SYSTEM TC REMOVE
SUSPENDED PARTICULATES THAT COULD CAUSE CLOGGING OF THE CARBON BED. EFFLUENT FROM THE
FILTRATION UNIT WOULD FLOW TO CARBON ADSORPTION UNITS. TREATED EFFLUENT WOULD BE DISCHARGED,
AFTER SAMPLING AND MONITORING, TO AN OUTFALL ALONG WILSON ROAD OR RELEASED TO THE LOCAL POTIW.
THE CARBON ADSORPTION UNITS WOULD REQUIRE RECHARGING AFTER THEIR ADSORPTION CAPACITIES HAD
BEEN DEPLETED.

ESTIMATED TIME TO IMPLEMENT 15 YEARS
ESTIMATED CAPITAL COST $218,875
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $85,000
ESTIMATED PRESENT WORTH COST (15 YEARS, 10 PERCENT) $860,500

7 TRAVIOLET ED OXTIDA" ENATT -

AFTER EXTRACTION, THE GROUND WATER WOULD BE PUMPED INTO THE OZONE/ULTRAVIOLET (UV) UNIT WHERE
HYDROGEN PERCXIDE WOULD BE ADDED AND MIXED, FOLLOWED BY ADDITION OF QZCNE. THE MIXTURE WOULD
BE SUBJECTED TCQ ULTRAVIOLET RADIATION WHICH ACTS AS A CATALYST FOR THE OXIDATION REACTION.
THE OXIDATION REACTION "STRIPS" VOLATILES FROM THE GROUND WATER. OFF-GASES WOULD BE
DECOMPOSED CATALYTICALLY. THIS IS AN INNOVATIVE TECHNOLOGY. A TREATABILITY STUDY WOULD BE
REQUIRED. THIS ALTERNATIVE DESTROYS THE CONTAMINANTS RATHER THAN "FIXING" THEM ON CARBON.

ESTIMATED TIME TQO IMPLEMENT 15 YEARS
ESTIMATED CAPITAL COST $380,000
ESTIMATED ANNUAL OPERATION AND MAINTENANCE COST $12,000
ESTIMATED PRESENT WORTH COST (15 YEARS, 10 PERCENT) $850,000

$5Ch
9.0 SUMMARY CF COMPARATIVE ANALYSIS OF ALTERMATIVES

THE NCP HAS ESTABLISHED NINE CRITERIA TO BE USED TO EVALUARTE REMEDIAL ALTERNATIVES. TO
SELECT A REMEDY, EACH ALTERNATIVE MUST BE EVALUATEDWITH REGARD T0 THESE CRITERIA AND THEN
COMPARED TO EACH OTHER {(SEE TABLES 10 AND 1l1}.

THE SELECTED REMEDY IS THAT ALTERNATIVE THAT PROVIDED THE BEST BALANCE OF TRADE-OFFS IN THIS
COMPARATIVE ANALYSIS,

EPA HAS DETERMINED THAT THE BEST ALTERNATIVES FOR THE MEW SITE ARE SM-11 (ONSITE
INCINERATION) AND GM-5 (AIR-STRIPPING}. AS DISCUSSED BELOW, SM-11 AND GM-5 PROVIDE THE BEST
BALANCE OF TRADE-OFFS AMONG THE ALTERNATIVES WITH RESPECT TC THE NINE CRITERIA.

THE NCP PRICRITIZES THE NINE CRITERIA INTO THREE CATEGORIES. THE FIRST SUCH CATEGORY IS
THRESHOLD CRITERIA. AN ALTERNATIVE MUST MEET THE FOLLOWING TWO REQUIREMENTS TO BE CONSIDERED
AS A FINAL REMEDY FOR THE SITE:

9.1 OVERALL PROTECTICN OF HUMAN HEALTH AND THE ENVIRONMENT

THE SELECTED REMEDY FOR SOIL CONTAMIMATION IS TO EXCAVATE AND THERMALLY DESTROY THE
PCB-CONTAMINATED SCOILS. THE SELECTED REMEDY FOR GROUND WATER CONTAMINATION IS TO EXTRACT THE
CONTAMINATED WATER AND TREAT IT BY AIR-STRIPPING FOLLOWED RY VAPOR PHASE CARBON ADSORPTION.
THESE ALTERNATIVES WILL REDUCE THE EXPOSURE TO CONTAMINATED SOILS AND GROUND WATER TO
PROTECTIVE LEVELS AND ALSC MINIMIZE THE POTENTIAL FOR CONTAMINANT MIGRATION.
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THE RO ACTION (SM-1/GM-1) AND SOIL LIMITEBD ACTION (SM-2) ALTERNATIVES AND THE ASPHALT CAP
ATTERNATIVE {(SM-4) DO NOT PROVIDE OVERALL PROTECTION TO HUMAN HEALTH AND THE ENVIRONMENT.
THESE ALTERNATIVES RELY ON PHYSICAL BARRIERS AND INSTITUTIONAL CONTROLS TO REDUCE OR MINIMIZE
THE THREAT OF CONTACT WITH THE CONTAMINATED MATERIALS. THEY DO NOT SIGNIFICANTLY REDUCE THE
RISKS TO HUMAN HEALTH OR THE ENVIRONMENT REPRESENTED BY SITE CONDITIONS, AND THEREFORE
UNACCEPTABLE RESIDUAL RISK REMAINS.

THE SOIL ALTERNATIVES (SM-1, SM-2, AND $M-4) DQ NOT PROVIDE ANY TECHNOLOGY WHICH WOULD TREAT
THE PCE CONTAMINATICN TO DECREASE ITS TOXICITY, MOBILITY OR VOLUME. THE PCBE CONTAMINATION
WOULD NOT BE REDUCED WITH DIRECT CONTACT LIMITED ONLY BY AN ASPHALT CAP OR PERIMETER FENCING.
THE FENCE WOULD NOT PROVIDE A BARRIER TO MIGRATION OF THE CONTAMINATED SOILS BY EITHER WIND
OR RUONOFF. CRACKING AND DETERIORATION OF THE CAP WOULD EXPOSE THE UNDERLYING CONTAMINATED
SOILS. CONSTRUCTION OF A CAP WOULD REQUIRE GREATER USE OF INSTITUTIONAL CONTROLS AND THE
POTENTIAL FOR EXPOSURE WOULD STILL EXIST. THE SQURCE OF VOC CONTAMINATION TO THE GROUND
WATER WOULD NOT BE REMOVED BY CAPPING THE SITE.

THE NO ACTION GROUND WATER ALTERNATIVE IN UNACCEFTABLE BECAUSE OF THE UNCERTAINTY OF POSSIBLE
EXPOSURES. AVAILABLE INFORMATION ON REGIONAL GECLOGIC CONDITIONS INDICATES THAT THERE IS NOT
A BARRIER IN THE LIMESTONE BEDROCK TO PREVENT DOWNWARD MIGRATION OF THE CONTAMINATION FOR A
DEPTH OF APPROXIMATELY 1,000 FEET. SHOULD HO GROUND WATER BARRIER BE PRESENT, THE EXPOSURE
AND POTENTIAL EXPOSURE TC CONTAMINATED GROUND WATER HAS NOT BEEN ADEQUATELY ADDRESSED.

THE GROUND WATER LIMITED ACTION ALTERNATIVE (GM-2) MAY BE CONSIDERED TO BE PROTECTIVE OF
HUMAN HEALTH AND THE ENVIRONMENT, WHILE IT RELIES ON INSTITUTIONAL CONTROLS AND PHYSICAL
BARRIERS TO MINIMIZE THE THREAT OF CONTACT WITH THE CONTAMINATED MATERIALS, IT ALSO
INCORPORATES FREQUENT MONITORING OF THE GROUND WATER CONDITIONS. THE MONITORING DATA WOULD
BE USED TC INDICATE IF THE CONTAMINATION IS POSING ADDITIONAL RISK TO HUMAN HEALTH CR THE
ENVIRONMENT .

SOIL ALTERNATIVES SM-8, S5M-10 AND SM-11, ALL USE TECHNOLOGIES THAT WOULD DESTRCY THE PCBS
BOUND TO THE SOILS AND SEDIMENTS. INSTITUTIONAL CONTROLS, SUCH AS DEED RESTRICTIONS, WOULD
BE REQUIRED FOR THE RESIDUALLY CONTAMINATED PROPERTY BECAUSE THE RESIDUAL CONCENTRATIONS
WOULD RESULT IN UNACCEFTABLE RISK LEVELS FOR RESIDENTIAL USE. HOWEVER, WITH INSTITUTIONAL
CONTROLS THERE WOULD BE NO LONG-TERM RISK ABOVE ACCEPTABLE LEVELS. THESE TECHMOLOGIES WOULD
RESULT IN THE PERMANENT ELIMINATION OF THE RISKS POSED BY THE PCB CONTAMINATION.

GROUND WATER ALTERNATIVES GM-5, GM-6 AND GM-7 WOULD PROVIDE PERMANENT ELIMINATION OF THE
RISKS POSED BY THE GROUND WATER CONTAMINATION BY REMQOVAL AND DESTRUCTION OF THE VOLATILE
ORGANIC COMPOUNDS., THE LONG-TERM RESIDUAL RISK WOULD BE BELOW ACCEPTABLE LEVELS.

S0IL ALTERNATIVE SM-7 WOULD PROVIDE LONG-TERM REDUCTION OF RISKS PRESENTED BY DIRECT CONTACT
WITH PCBS. HOWEVER, THE 99+ PERCENT DESTRUCTION OF PCBS IN THE SOIL AND SEDIMENT I3
CONSIDERED TO BE MORE PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT THAN SIMPLY
ENCAPSULATING THE CONTAMINATION IN A STABILIZED SOIL MONOLITH,

NEITHER SCIL ALTERNATIVE SM-4 NOR GROUND WATER ALTERNATIVE GM-3 WOULD PERMANENTLY ELIMINATE
RESIDUAL RISK.

9.2 COMPLIANCE WITE ARARS

THE SELECTED REMEDIES WILL COMPLY WITH ALL FEDERAL AND STATE APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS (ARARS). APPLICABLE REQUIREMENTS ARE THOSE STATE OR FEDERAL
REQUIREMENTS LEGALLY APPLICARLE TO THE RELEASE OR REMEDIAL ACTION CONTEMPLATED THAT
SPECIFICALLY ADDRESS A HAZARDOUS SUBSTANCE, POLLUTANT, CONTAMINANT, REMEDIAL ACTION, LOCATION
OR OTHER CIRCUMSTANCE FOUND AT THE SITE. 1IF IT IS DETERMINED THAT A REQUIREMENT IS NOT
APPLICABLE, IT MAY STILL BE RELEVANT AND AFPROPRIATE TO THE CIRCUMSTANCES OF THE RELEASE.
REQUIREMENTS ARE RELEVANT AND APPROPRIATE IF THEY ADDRESS PROBLEMS OR SITUATIONS SUFPFICIENTLY
SIMILAR TO THE CIRCUMSTANCES OF THE RELEASE OR REMEDIAL ACTION CONTEMPLATED AND ARE
WELL-SUITED TO THE SITE.
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CHEMICAL-SPECIFIC ARARS ASSOCIATED WITH THE SITE INCLUDE THE TOXIC SUBSTANCES CONTROL ACT;
THE NATIONAL AMBIENT AIR QUALITY STANDARDS; AND THE NATIONAL EMISSION STANDARDS FOR HAZARDOUS
AIR POLLUTANTS. ALSO IDENTIFIED AS ARARS FOR THE SITE ARE THE MISSOURI STATE WATER QUALITY
STANDARDS. AS AN EPA POLICY, THE TSCA PCB SPILL CLEANUP POLICY, 40 CFR PART 761, IS TO BE
CONSIDERED IN EVALUATING ALTERNATIVES.

NO FEDERAL LOCATION-SPECIFIC ARARS WERE IDENTIFIED FOR THE SITE. HOWEVER, THE FRESENCE OF A
WETLAND SQUTH QF THE SITE MUST BE CONSIDERED AS THE SELECTED REMEDY CANNOT ADVERSELY AFFECT
THE WETLAND AREA, A STATE LOCATION-SPECIFIC ARAR, PROTECTION OF LAKES AND STREAMS, MISSOURI
WATER QUALITY STANDARDS (10 CSR 20-7.031), WAS IDENTIFIED FOR THE SITE.

THE FEDERAL ACTION-SPECIFIC ARARS FOR THE SITE ARE: ALL PERTINENT OCCUPATIONAL SAFETY AND
HEALTH ACT REQUIREMENTS; THE CLEAN WATER ACT REGULATIONS APPLICBBLE TO DISCHARGES TO POTWS;
ALL PERTINENT REQUIREMENTS IN THE TOXIC SUBSTANCES AND CONTROL ACT, INCLUDING ITS LAND
DISPOSAL AND INCINERATOR STANDARDS FOR PCBS; AND THE CLEAN AIR ACT REQUIREMENTS APPLICABLE TO
INCINERATORS. TSCA REQUIRES THAT THERMAL TREATMENT DESTROY PCBS AT AN EFFICIENCY OF 99,3953
PERCENT WITH LESS THAN 2 PPM RESIDUAL CONCENTRATION OF PCBS IN THE ASH. A TRIAL BURN WILL BE
CONDUCTED TO DEMONSTRATE THAT THIS REQUIREMENT CAN BE SATISFIED,

THE NO ACTION AND LIMITED ACTION ALTERNATIVES FOR SOIL AND GROUND WATER DO NOT SATISFY
CHEMICAL-SPECIFIC ARARS. NOR DOES ALTERNATIVE GM-3 (EXTRACTION OF GROUND WATER WITH
DISCHARGE TO SURFACE WATER) .

OFFSITE LANDFILLING OF THE EXCAVATED SOILS, ONSITE STABILIZATION/FIXATION, SOLVENT
EXTRACTION, AND IN-SITU VITRIFICATION (SOIL ALTERNATIVES SM-6, SM-7, SM-8, AND SM-10) AND
GROUND WATER ALTERNATIVES GM-4, GM-6 AND GM-7 (EXTRACTION WITH DISCHARGE TO POTW, LIQUID
PHASE CARBON ADSORPTION, AND ULTRAVIOLET CATALYZED OXIDATION) WOULD MEET THE
CHEMICAL-SPECIFIC, ACTION-SPECIFIC AND LOCATION-SPECIFIC ARARS IDENTIFIED IN APPENDIX A.

SIX ALTERNATIVES, THREE SOIL AND THREE GROUND WATER, DID NOT MEET THRESHOLD CRITERIA.
SPECIFICALLY, THESE ALTERNATIVES ARE: NO ACTION FOR BOTH SOILS AND GROUND WATER (SM-1 AND
GM-1); LIMITED ACTION FOR BOTH SOILS AND GROUND WATER (SM-2 AND GM-2); ASPHALT CAP FOR SOILS
(SM-4) ; AND GROUND WATER EXTRACTION WITH DISCHARGE TO SURFACE WATER (GM-3)}. BECAUSE THESE
ALTERNATIVES DID NOT MEET THRESHOLD CRITERIA, THEY WERE NOT CONSIDERED FURTHER IN THE
COMPARATIVE BANALYSIS OF ALTERNATIVES.

THE SECOND CATEGORY OF CRITERIA IS PRIMARY BALANCING CRITERIA. THE FOLLOWING FIVE CRITERIA
ARE USED TO EVALUATE THE ALTERNATIVES TO DETERMINE THE OPTION THAT PFROVIDES THE BEST BALANCE
OF TRADE-QOFFS FOR THE SITE.

9.3 LONG-TERM EFFECTIVEHESES AND PERMANENCE

THE SELBCTED REMEDIES WILL ELIMINATE LONG-TERM RISKS ASSOCIATED WITH DIRECT CONTACT AND
POTENTIAL MIGRATION OF CONTAMINANTS BY DESTROYING THE PCB CONTAMINATION THROUGH INCINERATION
OF THE SOILS ONSITE AND BY PERMANENTLY REMOVING AND DESTROYING THE VOC CONTAMINATION IN THE
GROUND WATER BY AIR-STRIPPING FOLLOWED THROUGH CARBON ADSORPTION.

SOLVENT EXTRACTION AND IN-SITU VITRIFICATION OF THE SOIL (SOIL ALTERNATIVES SM-8 AND SM-10},
BOTH INVOLVE TREATMENT TO DESTROY OR REMOVE THE PCB-MOLECULES. THESE ALTERNATIVES WOULD ALSO
ELIMINATE THE RISKS ASSOCIATED WITH THE PCB-CONTAMINATION,

SOIL ALTERNATIVE SM-7 (STABILIZATION/FIXATION} WOULD IMMOBILIZE THE PCB-CONTAMINATED SOILS BY
STABILIZING THEM. HOWEVER, THE PCBS WOULD NOT BE DESTROYED. . ACCORDINGLY, LONG-TERM
MONITORING, MAINTENANCE AND INSTITUTIONAL CONTROLS WOULD BE REQUIRED. DEGRADATION OF THE
S0IL COVER QVER THE STABILIZED SOILS COULD EXPOSE THE MONOLITH TO PRECIPITATION RUNOFF
(EROSIVE FORCES), AND FREEZE/THAW AND WET/DRY CYCLES. THESE FORCES HAVE BEEN SHOWN TO
ADVERSELY AFFECT THE INTEGRITY OF STABILIZED S0OILS., MOREOVER, THE SITE IS LOCATED IN A
SEISMIC AREA. AS A RESULT THE INTEGRITY OF THE MONOLITH COULD BE ADVERSELY AFFECTED BY AN
EARTHQUAKE .
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OFFSITE LANDFILLING OF THE CONTAMINATED SOILS (SOIL ALTERNATIVE SM-6), WOULD REMOVE TEHE
CONTAMINATED SOILS FROM THE SITE. HOWEVER, LONG-TERM EFFECTIVENESS OF THIS ALTERNATIVE IS
QUESTIONABLE SINCE LANDFILLING DOES NOT DESTROY OR TREAT THE CONTAMINANTS.

GROUND WATER ALTERNATIVES GM-4 (EXTRACTION WITH DISCHARGE TO POTW), GM-6 (EXTRACTION WITH
LIQUID PHASE CAREBON ADSORPTION) AND GM-7 (EXTRACTION WITH ULTRAVIOLET CATALYZED OXIDATION)
WOULD REMOVE AND TREAT THE CONTAMINANTS. HOWEVER, LONG-TERM EFFECTIVENESS AT THE PLACE OF
DISPOSAL FOR GM-4 IS QUESTIONABLE BECAUSE THE TREATMENT CF THE GROUND WATER CONTAMINATION
WOULD NOT BE DIRECTLY CONTROLLED BY EPA. ALTERNATIVES GM-& AND GM-7 WOULD PROVIDE LONG-TERM
PROTECTION.

5.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME

THE SELECTED REMEDIES WILL ACHIEVE REDUCTION OF TOXICITY, MOBILITY, AND VOLUME OF
CONTAMINANTS AT THE SITE.

SOIL ALTERMATIVES SM-8 AND SM-10 (SQLVENT EXTRACTICN AND IN-SITU VITRIFICATICN) WOULD TREAT
THE CONTAMINATED SOILS TO ACHIEVE A REDUCTION IN TOXICITY, MOBILITY AND VOLUME. SOLVENT
EXTRACTION WOULD: REMOVE THE PCBS FROM THE SOILS AND CONSOLIDATE THEM IN A LIQUID FORM. THE
LIQUID WOULD BE INCINERATED OFFSITE, THEREBY DESTROYING THE PCBS. IN-SITU VITRIFICATION
WOULD DESTROY THE MAJORITY OF THE PCB CONTAMINATION BY SUBJECTING IT TO HIGH TEMPERATURES.
HOWEVER, THE TECHNOLOGY HAS NOT BEEN APPROVED BY TSCA AS A TECHNOLOGY EQUIVALENT TO
INCINERATION OR LANDFILLING IN A PERMITTED CHEMICAL WASTE LANDFILL. THE RESIDUAL
CONTAMINATION WOULD BE ENCAPSULATED IN A VITRIFIED MASS, SIMILAR TO VOLCANIC GLASS. A VOLUME
REDUCTION OF 20 TO 40 PERCENT IS EXPECTED WITH IN-SITU VITRIFICATION.

AS STATED ABOVE, SOIL ALTERNATIVE SM-7 (STABILIZATION/ FIXATION) WOULD RESULT IN A REDUCTION
IN THE MOBILITY OF THE PCBS. HOWEVER, THERE WOULD BE NO REDUCTION IN THE TOXICITY OF THE
PCBS. MCREOVER, IT WOULD RESULT IN AN INCREASE IN THE VOLUME OF PCB-CONTAMINATED MATERIALS.

SO0IL ALTERNATIVE SM-6 (OFFSITE LANDFILLING) PROVIDES NO REDUCTICON IN THE MOBILITY, TOXICITY
OR VOLUME. IT MERELY MOVES THE CONTAMINATION FROM THE SITE TO A PERMITTED CHEMICAL WASTE
LANDFILL.

GROUND WATER ALTERMATIVES GM-4, GM-6, AND GM-7 WOULD TREAT THE CONTAMINATED GROUND WATER TO
ACHIEVE A REDUCTION IN TOXICITY, MOBILITY AND VOLUME. LIQUID PHASE CARBON ADSORPTION (GM-6)
WOULD REDUCE THE TOXICITY, MOBILITY AND VOLUME OF THE CONTAMINANTS BY CAPTURING THE VOCS ON
AN ACTIVATED CARBON FILTER AND THEN "RECHARGING® THE SPENT FILTER WITH THERMAL TREATMENT
WHICH WILL DESTROY THE VQCS. ULTRAVIOLET CATALYZED OXIDATION (GM-7) WOULD REDUCE THE
TOXICITY, MOBILITY AND VOLUME OF THE VOCS BY SUBJECTING THEM TO A CHEMICAL REACTION PROCESS
WHICH WILL DESTROY THE VOCS PRESENT IN THE GROUND WATER.

9.5 GSHORT-TERM EFFECTIVENESS

THE SHORT-TERM RISKS ASSOCIATED WITH THE SELECTED REMEDIES WOULD INCLUDE THE NORMAL
CONSTRUCTION HAZARDS ASSOCIATED WITH EXCAVATION OF CONTAMINATED SOILS AND CONSTRUCTION OF
WELLS AND INSTALLATION OF A FILTRATION SYSTEM. WORKERS ONSITE COULD BE EXPOSED TO
CONTAMINATED SOILS AND GROUND WATER; THESE EXPOSURES CAN BE REDUCED AND CONTROLLED BY USE OF
APPROPRIATE HEALTH AND SAFETY PROCEDURES.

THERE ARE RISKS ASSQOCIATED WITH INCINERATOR OPERATION. IMPROPER OPERATION OF THE INCINERATOR
REPRESENTS THE PRINCIPAL RISK. HOWEVER, THESE RISKS ARE CONTROLLED BY FREQUENT TESTING OF
THE GASEOQUS INCINERATOR EMISSIONS AND MONITORING OF THE OPERATIONS, EMPLOYEES INVOLVED WITH
THE INCINERATOR OFERATION WILL BE REQUIRED TQ WEAR PROTECTIVE CLOTHING AS SAFEGUARDS. AS A
RESULT, RISKS TO THE PUBLIC AND THE ENVIRCNMENT CAN BE EFFECTIVELY MINIMIZED.

THE PREFPERRED SOIL ALTERMNATIVE WOULD REQUIRE APPROXIMATELY ONE TC TWO YEARES TO COMPLETE, THE
TIME ESTIMATE FOR INSTALLATION OF WELLS AND FILTRATION SYSTEM IS TWO MONTHS. THE TIME
REQUIRED TO ACHIEVE A REDUCTION IN CONTAMINANT LEVELS TO HEALTH-BASED LEVELS IN THE GROUND
WATER IS UNCERTAIN, BUT IS EXPECTED TO TAKE APPROXIMATELY 15 YEARRS. HOWEVER, EXTRACTION OF
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THE GROUND WATER SHOULD PRECLUDE MIGRATION CF THE CONTAMINANT PLUME.

ALL OTHER ALTERNATIVES WOULD ALSO HAVE MINIMAL SHORT-TERM RISKS AS DESCRIBED ABOVE. HOWEVER,
AS PREVIOUSLY NOTED, COMPLIANCE WITH THE ACTION-SPECIFIC ARARS WOULD EFFECTIVELY MINIMIZE AND
CONTROL: THE EXPOSURES.

THE REMAINING SOIL ALTERNATIVES WOULD TAKE ABOUT TWO MONTHS FOR EXCAVATION AND STOCKPILING OF
THE SQILS. SOIL ALTERNATIVE SM-€ WOULD BE ESSENTIALLY COMPLETE AT THE END OF THE TWO-MONTH
TIME PERIOD. IT IS ESTIMATED THAT SOIL ALTERNATIVES SM-7, SM-8, AND SM-10 WOULD REQUIRE
APPROXIMATELY ONE YEAR TO IMPLEMENT. ALL GROUND WATER ALTERNATIVES WOULD TAKE SIMILAR
AMOUNTS OF TIME (ESTIMATE: 15 YEARS) TO IMPLEMENT.

9.6 IMPLEMENTABILITY

IMPLEMENTATION OF THE SELECTED REMEDIES WOULD INVOLVE USE OF CONVENTIONAL CONSTRUCTION
TECHNIQUES AND PROVEN TECHNOLOGIES FOR THE WASTES BEING TREATED. THE RELIABILITY AND
ADEQUACY OF CONTROLS ON MOBILE INCINERATION UNITS HAVE BEEN ESTABLISHED THROUGH PILOT AND
FULL-SCALE TESTS AT SEVERAL SITES. MOBILE INCINERATION UNITS ARE CURRENTLY AVAILAELE FROM
SEVERAL VENDORS. AIR-STRIPPING OF THE WATER FOLLOWED BY CARBON ADSORPTION OF THE VAPOR PHASE
IS A PROCESS USED FREQUENTLY TO TREAT CONTAMINATED GROUND WATER.

SOIL ALTERNATIVE SM-7 WOULD REQUIRE TREATABILITY STUDIES TO IDENTIFY AND DETERMINE THE
OPTIMUM MIXTURES OF THE STABILIZATION AND/OR FIXATION AGENTS TO BE USED. THESE TREATABILITY
STUDIES WOULD PROBABLY BE PERFORMED IN TWO OR MORE PHASES, THE FIRST PHASE WOULD BE TO
IDENTIFY THE MOST EFFECTIVE STABILIZATION AND FIXATION AGENTS. THE SECOND AND ANY FOLLOWING
PHASES WOULD BE NEEDED TQ IDENTIFY THE OPTIMUM MIXTURES OR RATIOS OF THE
STABILIZATION/FIXATION ADDITIVES.

SOIL ALTERNATIVE SM-8 WOULD REQUIRE A TREATABILITY STUDY TCO EVALUATE THE EFFECTIVENESS AND
IMPLEMENTAEBILITY OF THE PROCESS FOR SITE-SPECIFIC SOILS. THE EQUIPMENT FOR THIS PROCESS IS
AVAILABLE FROM A LIMITED NUMEER OF CONTRARCTORS. IF EQUIPMENT IS UNAVAILABLE AT THE TIME OF
REMEDIAL ACTION, THEN DELAYS WOULD RESULT.

BENCH AND PILOT SCALE TESTS FOR SIMILAR CASES INDICATE THAT THE TECHNOLOGY USED IN SOIL
ALTERNATIVE SM-10 {IN-SITU VITRIFICATION) WOULD LIKELY BE EFFECTIVE FOR THE MEW SITE. POWER
NEEDS FOR THIS ALTERNATIVE ARE READILY AVAILABLE. HOWEVER, ONLY ONE VENDOR IS LICENSED TO
USE THE TECHNCOLOGY AND IT CURRENTLY HAS ONLY ONE UNIT. THIS COULD CAUSE DELAYS AT THE TIME
OF REMEDIAL ACTION,

ANALYTICAL TESTING OF THE GROUND WATER WOULD BE REQUIRED FOR GRCUND WATER ALTERNATIVE GM-4.
THE TESTING WOULD BE NEEDED PRIOR TO THE LOCAL POTW AGREEING TO ACCEPT THE GROUND WATER FOR
TREATMENT AND PROCESSING.

GROUND WATER ALTERNATIVE GM-6 (LIQUID PHASE CARBON ADSORPTION) 1S A PROVEN TECHNOLOGY. THE
EQUIFMENT AND MATERIALS NEEDED TO EFFECT THIS REMEDIAL ALTERNATIVE ARE READILY AVAILABLE. IT
SHOULD BE IMPLEMENTED RELATIVELY EASILY.

GROUND WATER ALTERMATIVE GM-7 (ULTRAVIOLET CATALYZED OXIDATION} WOULD REQUIRE TREATRBILITY
STUDIES TO IDENTIFY ANY SITE-SPECIFIC OPERATIONAL PROBLEMS PRICR TO IMPLEMENTATION. HANDLING
OF THE HYDROGEN FEROXIDE COULD REPRESENT SCOME POTENTIAL PROBLEMS; HOWEVER, USE OF STANDARD
INDUSTRIAL PROCEDURES SHOULD MINIMIZE ANY PROBLEMS AND ARE CONSIDERED SAFE. THE EQUIPMENT
USED FOR THIS TECHNOLOGY IS FRAGILE AND MAY NEED TO BE REPLACED DURING IMPLEMENTATION.

9.7 COBT

THE COSTS OF THE SELECTED REMEDIES WOULD INCLUDE THE COSTS ASSOCIATED WITH ONSITE THERMAL
TREATMENT, $8.4 MILLION, AND THE COSTS FOR AIR-STRIFPING FOLLOWED BY CARBON TREATMENT OF THE
GROUND WATER, $730,000. THESE COSTS REFLECT THE ESTIMATED PRESENT WORTH OF PUMPING AND
TREATING GROUND WATER FOR 15 YEARS.
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THE RANGE OF PRESENT WORTH COSTS FOR THE SOIL ALTERNATIVES IS $4.4 MILLION FOR SOIL
ALTERNATIVE SM-7 TO $11.1 MILLION FOR SOIL ALTERNATIVE SM-10. THE ESTIMATED PRESENT WORTH
FOR THE REMAINING GROUND WATER ALTERNATIVES IS $850,000 FOR ALTERNATIVE GM-7 AND $1.1 MILLION
FOR ALTERNATIVE GM-4. BOTH SELECTED REMEDIES ACHIEVE PERMANENT REDUCTION IN THE TOXICITY,
MOBILITY AND VOLUME OF CONTAMINANTS AT COSTS THAT ARE PROPORTIONAL TO THEIR OVERALL
EFFECTIVENESS.

THE FOLLOWING SUMMARY IS PROVIDED OF THE EVALUATION OF THE SOIL AND GROUND WATER ALTERNATIVES
WITH RESPECT TO THE FIVE PRIMARY BALANCING CRITERIA:

SOLLS/SEDTMENTS

ALTERNATIVES SM-8, SM-10 AND SM-11 (SOLVENT EXTRACTION, IN-SITU VITRIFICATION, AND ONSITE
INCINERATION) WOULD PERFORM EQUALLY WITH RESPECT TO LONG-TERM EFFECTIVENESS; ALTERNATIVES
SM-7 AND SM-6 (STABILIZATION/FIXATION AND OFFSITE LANDFILL) WOULD PROVIDE LESS PERMANENT
LONG-TERM EFFECTIVENESS. ALTERNATIVES SM-7, SM-8, SM-10, AND SM-11 WOULD ALL REDUCE THE
MOBILITY OF THE PCE CONTAMINANTS; SM-6 WOULD NOT REDUCE CONTAMINANT MOBILITY, TOXICITY AND
VOLUME OF THE PCB CONTAMINANTS WOULD BE REDUCED BY ALTERNATIVES SM-8, SM-10 AND SM-11; NO
TOXICITY REDUCTION WOULD BE ACHIEVED BY SM-6 OR SM-7. ALTERNATIVE SM-& AFFORDS NO VOLUME
REDUCTION OF THE PCB CONTAMINANTS, WHILE SM-7 WOULD RESULT IN AN INCREASE IN THE VOLUME OF
PCB-CONTAMINATED MATERIAL. ALL S0IL ALTERNATIVES CONSIDERED IN CONJUNCTION WITH THE PRIMARY
BALANCING CRITERIA WOULD PROVIDE SHORT-TERM EFFECTIVENESS. ALTERNATIVE SM-10 HAS NOT BEEN
USED FOR A FULL-SCALE SITE CLEANUP; PROBLEMS WITH THIS TECHNOLOGY COULD ARISE WHICH WOULD
DECREASE ITS ABILITY TO BE IMPLEMENTED. ALTERNATIVE SM-8 MAY NOT BE EFFECTIVE GIVEN THE
COHESIVE NATURE OF THE SITE S0QILS. RESIDUAL SOLVENT CONCENTRATIONS COULD REMAIN IN THE SOILS
MAKING IT LESS ATTRACTIVE. ALTERNATIVE SM-7 IS THE LEAST EXPENSIVE SOIL ALTERNATIVE WITH A
COST OF %4.4 MILLION, SOIL ALTERNATIVE SM-10 IS THE MOST EXPENSIVE WITH A COST OF $11.1
MILLION., ONSITE INCINERATION COSTS FALL IN THE MIDDLE OF THE COSTS FOR THE ALTERNATIVES
CONSIDERED, THIS REMEDY PROVIDES THE BEST BALANCE OF TRADE-OFFS AMONG THE ALTERNATIVES,
PARTICULARLY WITH RESPECT TO LONG-TERM EFFECTIVENESS AND THE PERMANENT REDUCTION OF TOXICITY,
MOBILITY AND VOLUME,

GROUND WATER

GROUND WATER ALTERNATIVES GM-5, GM-6, AND GM-7 WERE CONSIDERED TO PERFORM EQURALLY WITH
RESPECT TO LONG-TERM EFFECTIVENESS; ALTERNATIVE GM-4 WAS CONSIDERED TO BE POTENTIALLY LESS
EFFECTIVE QVER THE LONG-TEEM SINCE LESS CONTROL OVER THE PROCESS WOULD BE EXERCISED BY EPA OR
THE MEWSC. ALL GROUND WATER ALTERNATIVES CONSIDERED WERE JUDGED TO PROVIDE EQUAL REDUCTICN
OF MOBILITY, TOXICITY AND VOLUME OF THE VOC CONTAMINATION. THE SHORT-TERM EFFECTIVENESS CF
ALL GROUND WATER ALTERNATIVES WAS CONSIDERED TO BE EQUAL. ALL GROUND WATER ALTERMATIVES CRN
BE IMPLEMENTED.

GW-5 (AIR-STRIPPING POLLOWED BY VAPOR PHASE CARBON ADSORPTIQN) WAS THE LEAST EXPENSIVE
ALTERNATIVE, WITH AN ESTIMATED COST $730,000. ALTERNATIVE GM-4 WAS THE MOST EXPENSIVE WITH AN
ESTIMATED COST OF $1.1 MILLION. REMEDY GM-5 PROVIDES THE BEST BALANCE OF TRADE-OFFS AMONG
THE GROUND WATER ALTERNATIVES, PARTICULARLY WITH RESPECT TO LONG-TERM EFFECTIVENESS AND
PERMANENT REDUCTION IN TOXICITY, MOBILITY AND VOLUME.

THE THIRD CATEGORY OF CRITERIA 1S MODIFYING CRITERIA. THE FOLLOWING TWO CRITERIA ARE
CONSIDERED WHEN EVALUATING THE ALTERWNATIVES AND ARE USED TO HELP DETERMINE THE FINAL REMEDIES
FOR. THE SITE.

9.8 STATE ACCEPTANCE

THE STATE QF MISSOURI HAS BEEN INFORMED OF EPA'S SELECTED REMEDIES: ONSITE INCINERATION OF
THE PCB-CONTAMINATED SOILS AND AIR-STRIPPING FOLLOWED BY VAPCR PHASE CARBON ADSORPTION OF THE

© VOC-CONTAMINATED GROUND WATER. THE STATE OF MISSOURI HAS QFFICIALLY NOTIFIED EPA OF ITS

CONCURRENCE WITH THE SELECTED REMEDIAL ACTIONS.
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5.9 COMMUNITY ACCEPTANCE

THE COMMUNITY AND OTHER INTERESTED CITIZENS OR PARTIES WERE GIVEN THE OPPORTUNITY TO REVIEW
THE PROPOSED PLAN AND SUPPORTING DOCUMENTS OF THE ADMINISTRATIVE RECORD. A THIRTY-DAY
COMMENT PERIOD WAS AVAILABLE FOR THE PUBLIC TO COMMENT ON THESE DOCUMENTS. A PUBLIC HEARING
WAS HELD IN CAPE GIRARDEAU ON AUGUST 30, 1990 TO DISCUSS THE PROPOSED PLAN AND THE PREFERRED
REMEDIAL ALTERNATIVES. NO COMMENTS ON THE PROPOSED PLAN WERE RECEIVED AT THAT PUBLIC
HEARING. THERE HAVE BEEN NO COMMENTS INDICATING STRONG OPPOSITION FROM THE GENERAL PUBLIC TO
THE PREFERRED ALTERNATIVES IDENTIFIED IN THE PROPOSED PLAN. COMMENTS THAT WERE SUBMITTED ARE
ADDRESSED IN THE RESPONSIVENESS SUMMARY,

#8SR
10.0 THE SELECTED REMEDY

10.1 SOILS/SEDIMENTS

THE REMEDIAL ACTION SELECTED FOR THE SOIL CLEANUP WILL PROVIDE OVERALL PROTECTION OF HUMAN
HEALTH AND THE ENVIRONMENT BY ELIMINATING, REDUCING AND CONTROLLING ALL CURRENT AND POTENTIAL
RISKS POSED BY THE EXPOSURE PATHWAYS AT THE SITE, AND WILL BE IN COMPLIANCE WITH ALL
APPLICABLE OR RELEVANT AND APPROFRIATE REQUIREMENTS (ARARS). THE LONG-TERM EFFECTIVENESS AND
PERMANENCE OF THE SELECTED S50IL REMEDY WERE DETERMINED TO BE CRITICAL FACTORS IN BALANCING
THE TRADE-OFFS AMONG THE OTHER SOIL ALTERMATIVES.

THE STATUTORY PREFERENCE OF CERCLA $121(B) TO PERMANENTLY AND SIGNIFICANTLY REDUCE THE
VOLUME, TOXICITY, OR MOBILITY OF THE HAZARDOUS SUBSTANCES THROUGH TREATMENT TECHNOLOGIES {(TO
THE MAXIMUM EXTENT PRACTICABLE} IS SATISFIED BY THE SELECTED SOIL REMEDY. THE TECHNOLOGY
SELECTED IS A PROVEN TECHNOLOGY. CASE STUDIES OF OTHER CLEANUPS INDICATE THAT ONSITE
INCINERATION IS A CONSISTENT PRACTICAL APPROACH TO PERMANENT DESTRUCTION OF PCBS. THIS
REMEDY SHOULD BE RELATIVELY EASY TO IMPLEMENT FROM BOTH A TECHNICAL AND ADMINISTRATIVE POINT
OF VIEW., MOBILE INCINERATION UNITS ARE AVAILABLE FROM SEVERAL VENDORS AND THEREFORE SHOULD EE
READILY AVAILABLE.

THE COST OF IMPLEMENTING THE SELECTED SOIL REMEDY, ONSITE INCINERATION, WAS CONSIDERED DURING
EFA'S EVALUATION PROCESS. THE RESULTS OQF THIS COMPARATIVE ANALYSIS INDICATED THAT WHILE THE
COSTS ASSQOCIATED WITH ONSITE INCINERATION DO EXCEED THE COST ASSOCIATED WITH THE OTHER SOURCE
CONTROL ALTERNATIVES ANALYZED (STABILIZATION/FIXATION AND SOLVENT EXTRACTION), THESE COSTS
ARE PROPORTIONAL TO THE OVERALL GREATER EFFECTIVENESS OF ONSITE INCINERATION.

ROTARY KILN INCINERATORS ARE FROBABLY THE MOST COMMON TYPE OF EQUIPMENT USED FOR MOBILE
INCINERATION BECAUSE THEY HAVE BEEN COMMERCIALLY PROVEN, PROVIDE FLEXIBILITY IN HANDLING MANY
TYPES OF MATERIALS AND PROVIDE GOOD MIXING AND LONG RESIDENCE TIMES FOR SOLIDS. ROTARY KILNS
ARE EQUALLY APPLICARLE TO SOLIDS, SLUDGES, AND SLURRIES ARD ARE CAPABLE OF RECEIVING AND
PROCESSING LIQUIDS AND SOLIDS SIMULTANEQUSLY. THE FIVE BASIC COMPONENTS OF THE ROTARY KILN
SYSTEM ARE: 1) ROTARY KILN (PRIMARY COMBUSTION CHAMBER); 2) SECONDARY COMBUSTION CHAMBER; 3)
HEAT RECOVERY BOILER; 4) AIR POLLUTION CONTROL TRAIN; AND 5) EFFLUENT NEUTRALIZATION CHAMBER.
THE SO0IL IS FED INTO THE ROTARY KILN THAT IS MOUNTED ON AN INCLINE. TEMPERATURES RANGE FROM
1,200 TO 1,800 DEGREES FAHRENHEIT AND THE RESIDENCE TIME DEPENDS ON THE CONTAMINANTS BEING
TREATED. TYPICAL FEED RATES FOR SOQILS ARE 1,300 TO 1,400 POUNDS PER HOUR. THE SQIL IS
REMOVED AT THE LOWER END OF THE KILN AND THE VAPORS DESORBED FROM THE SOIL THEN ENTER THE
SECONDARY CHAMBER, AT TEMPERATURES OF 1,500 TO 3,000 DEGREES FAHRENHEIT, TO COMPLETE
COXIDATION. AS THE EXHAUST GASES EXIT THE SECONDARY CHAMBER, THEY ARE DIRECTED THRCUGH A
POLLUTION CONTROL TRAIN WHICH MAY CONSIST OF A WATER QUENCH, A PACKED SCRUEBING TOWER OR AN
EJECTION SCRUBBER SYSTEM.

IMPLEMENTATION OF ONSITE INCINERATION AT THE MEW SITE WOULD CONSIST OF THE FOLLOWING TASKS.
PREFARATION OF THE SITE WILL BE PERFORMED BY CLEARING TREES AND VEGETATION IN THE AREA WHERE
THE INCINERATOR IS TO BE PLACED. CONTAMINATED SOILS WILL BE EXCAVATED AND CONSOLIDATED
ONSITE WITH PROVISICONS TO MINIMIZE MIGRATION OF THE CONTAMINATED MATERIALS. THE INCINERATOR
WILL BE BROUGHT TO THE SITE, AT WHICH TIME TRIAL BURN(S) WILL BE PERFORMED, TESTED AND
EVALUATED BEFCRE THE INCINERATION OF THE PCB-CONTAMINATED SOILS WILL BE DONE. WHEN THE
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INCINERATION IS COMPLETE, THE INCINERATOR WILL BE REMOVED FROM THE SITE. THE SITE WILL BE
RESTORED AND REVEGETATED. FIGURE 11 IS A FLOW-DIAGRAM OF THE PCB-CONTAMINATED SOIL REMEDIAL
ACTION.

SITE PREPARATION ACTIVITIES WOULD CONSIST OF CLEARING AN AREA APPROXIMATELY ONE ACRE IN SIZE
WHERE THE INCINERATOR WOULD BE SETUP. CONTAMINATED SOILS FROM THIS AREAR WOULD BE STOCKPILED
IN THE IMMEDIATE VICINITY TO AWAIT PROCESSING WHEN THE INCINERATOR IS IN-PLACE AND
OPERATIONAL. A CONCRETE PAD WOULD BE CONSTRUCTED IN THE CLEARED AREA TO SUPPORT THE
PROCESSING EQUIPMENT. OTHER SITE PREPARATION ACTIVITIES WOULD INCLUDE REMOVAL OF TREES AND
MISCELLANECUS TRASH AND DEBRIS PRESENT ON THE SITE IN THOSE AREAS WITH PCB LEVELS GREATER
THAN 10 PPM.

EXCAVATION AND CONSOLIDATION OF ALL ON AND OFFSITE CONTAMINATED SOILS WITH PCE CONCENTRATIONS
GREATER THAN 10 PPM WOULD HAVE TO BE PERFORMED. EXCAVATION OF THE SOILS AND ANY OTHER
CONTAMINATED MATERIALS WOULD BE ACCOMPLISHED USING CONVENTIONAL HEARVY CONSTRUCTION EQUIFMENT.
EXCAVATED MATERIALS WOULD BE STAGED FOR PROCESSING WEAR THE INCINERATCOR IN STOCKPILES. THESE
STOCKPILES WOULLD BE ESTABLISHED, WITH APFROPRIATE RUNOFF AND WIND DISPERSION PROTECTIVE
DEVICES, FOR BOTH CONTAMINATED FEED MATERIALS (CONTAMINATED SOILS} AND THE PROCESS RESIDUALS.
THE RESIDUALS WOULD BE USED .TO BACKFILL THE ONSITE EXCAVATED AREAS. CLEAN SOILS WOULD
FROBABLY BE REQUIRED TO COMPLETE SITE RESTORATION AND FINAL GRADING.

PERMITTING FOR THE ONSITE INCINERATOR WILL NOT BE REQUIRED, AS THIS REMEDIAL ACTION WILL BE
PERFORMED ONSITE. HOWEVER, A TRIAL BURN WILL BE REQUIRED, AS WILL FREQUENT MONITORING AND
ANALYTICAL TESTS, TO ESTAELISH THAT THE INCINERATOR COMPLIES WITH ALL SUBSTANTIVE
REQUIREMENTS APPLICABLE TC A TSCA INCINERATOR., ’

AFTER CONSTRUCTING THE CONCRETE PAD IN THE PROCESSING AREA, THE INCINERATCR WILL BE MOBILIZED
TO THE SITE. THE INCINERATOR WILL BE BROUGHT TO THE SITE USING HIGHWAY OR RAILROAD
CONVEYANCES., UPON ARRIVAL AT THE SITE, THE INCINERATOR WILL BE SETUP IN ITS WORKING
CONFIGURATION. |

A TRIAL BURN WILL BE PERFORMED AFTER INCINERATICON SET-UP IS COMPLETE. THE PRIMARY REASCON FCR
A TRIAL BURN IS TO PROVIDE DATA, BOTH OPERATIONAL AND ANALYTICAL, THAT VERIFIES THAT THE
INCINERATOR COMPLIES WITH ALL SUBSTANTIVE REQUIREMENTS OF A PERMITTED TSCR INCINERATOR. IN
ADDITION, THE DATA GENERATED WILL BE USED TO IDENTIFY THE RESIDENCE TIME NEEDED TQ MEET PCB
DESTRUCTION REQUIREMENTS BND TO MONITOR THE EMISSIONS FROM THE INCINERATOR.

AFTER THE DATA GENERATED BY THE TRIAL BURN HAS BEEN REVIEWED AND' EVALUATED BY STATE AND
FEDERAL AUTHORITIES, APFROVAL TO BEGIN "PRODUCTION-TYPE" OPERATIONS WILL BE GIVEN, IF ALL
SUBSTANTIVE REQUIREMENTS OF A PERMITTED UNIT HAVE BEEN MET. OPERATIONS WILL CONSIST OF
SIZING OF THE STOCK-PILED CONTAMINATED MATERIALS IN PREPARATION FOR INCINERATICON. THESE
S1ZED MATERIALS WILL BE FED INTO THE INCINERATOR USING EQUIPMENT SIMILAR TO A PUG-MILL. FEED
RATES WILL BE MONITORED CONTINUOUSLY. EMISSIONS FROM THE INCINERATOR, BOTH ASH AND GASES,
WILL BE MONITORED FREQUENTLY (NOT LESS THAN DAILY) TO DOCUMENT THAT DESTRUCTION EFFICIENCIES
AND ATR EMISSIONS STANDARDS ARE COMPLIED WITH. IN ADDITION, THE ASH RESIDUALS WILL BE TESTED
TO IDENTIFY ITS LEACHING CHARACTERISTICS AND TO IDENTIFY THE COMPOUNDS WITHIN THE ASH. THE
LEACHING CHARACTERISTICS WILL BE IDENTIFIED USING THE TOXICITY CHARACTERISTIC LEACHING
PROCEDURE (TCLP) .

AFTER THE PCB-CONTAMINATED SOILS AND OTHER MATERIALS HAVE BEEN DESTROYED BY INCINERATION, THE
INCINERATOR AND OTHER APPURTEMNANT EQUIPMENT WILL BE DEMOBILIZED AND REMOVED FROM THE SITE,
THE CONCRETE PAD WILL EE TESTED TO ASCERTAIN WHETHER IT WAS CONTAMINATED DURING INCINERATION
OPERATIONS. IF IT 15 NOT CONTAMINATED, THE CONCRETE PAD WILL BE REMOVED AND DISPOSED OF IN A
SANITARY LANDFILL. IF THE CONCRETE PAD IS FQUND TO BE CONTAMINATED, DISPOSAL IN A LICENSED
CHEMICAL WASTE LANDFILL WILL BE NECESSARY.

AS THE RESIDUAL ASH FROM INCINERATION OPERATIONS IS PRODUCED AND TESTED, IT WILL BE USED TO
BACKFILL THE EXCAVATED AREAS ON THE MISSCURI ELECTRIC WORKS, INC., PROPERTY. THE RESIDUAL
ASH WILL BE SPREAD AND COMPACTED USING CONVENTIONAL HEAVY CONSTRUCTION EQUIPMENT, SOIL, THAT
HAS BEEN VERIFIED AS BEING UNCONTAMINATED WITH ANALYTICAL TESTS, WILL BE USED TO BACKFILL
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OTHER PORTIONS OF THE SITE. THE ENTIRE SITE WILL BE RESTORED TO ITS ORIGINAL GRADE USING
THIS VERIFIED "CLEAN" MATERIAL. THE SOIL WILL BE SPREAD AND COMPACTED DSING CONVENTIONAL
MEANS.

THE FINAL GRADING OF THE SITE WILL BE SUCH THAT THE NATURAL DRAINAGE OF THE SITE IS
CONTROLLED OR MANAGED, THIS WILL BEE DONE TO ENSURE THAT EROSIONAL FEATURES, SIMILAR TOD THCSE
PRESENTLY EXISTENT AT THE SITE, DO NOT REFORM,

A 6- TO 12-INCH LAYER OF TOPSOIL WILL BE SPREAD OVER THE ENTIRE SITE. THIS TOPSOIL WILL BE
SEEDED OR SOD WILL BE PLACED TO REVEGETATE THE SITE.

INSTITUTIONAL CONTROLS, SUCH AS DEED RESTRICTIONS AND/OR ZONING RESTRICTIONS WILL BE IMPOSED
TO LIMIT USE OF THE SITE TC INDUSTRIAL OR COMMERCIAL PURPOSES.

10.2 GROUND WATER

THE SELECTED GROUND WATER REMEDY WILL PROVIDE OVERALL PROTECTION OF HUMAN HEALTH AND THE
ENVIRONMENT BY REDUCING AND CONTROLLING ALL POTENTIAL RISKS POSED BY INGESTION OF THE GROUND
WATER. THE SELECTED REMEDY WILL COMPLY WITH ALL APPLICABLE OR RELEVANT AND APFROPRIATE
REQUIREMENTS (ARARS). THE SELECTED REMEDY WILL USE A PROVEN TECHNOLOGY THAT IS READILY
AVAILARLE FRCOM SEVERAL VENDORS AT A COSTS THAT IS

PROPORTIONAL TO ITS OVERALL EFFECTIVENESS.

THIS REMEDIAL TECHNOLOGY IMVOLVES COLLECTION OF GROUND WATER UTILIZING AN EXTRACTION WELL
NETWORK, TEMPORARY STORAGE, FOLLOWED BY REMOVAL OF VOLATILE ORGANICS UTILIZING AN
AIR-STRIPPER WITH GAS PHASE CARBON ABSORPTION FROM THE AIR STREARM. POLISHING OF THE LIQUID
STREAM UTILIZING LIQUID PHASE CARBON ABSORPTION CAN ALSO BE INCLUDED, AS NECESSARY. VOLATILE
CONTAMINANTS ARE TRANSFERRED FROM THE GROUND WATER TC THE AIR, VIA CONTINUOUS CONTACT IN THE
TOWER. THE GROUND WATER STREAM IS INTRODUCED AT THE TOP OF THE TOWER WHILE AIR IS BLOWN INTO
THE BASE OF THE TOWER AND FLOWS UPWARD, CONTACTING WITH THE WATER.

AIR-STRIPPING IS AN EFFICIENT MEANS OF REMOVING VOLATILES FOR COMPOUNDS WITH HENRY'S LAW
CONSTANTS GREATER THAN 0.001 (APPLIES TO ALL THE VOCS AT THE MEW SITE). THE AIR-STRIPPER
OFF-GAS IS TREATED BY VAPOR PHASE CARECN ABSORPTION TQ PREVENT RELEASE OF THE STRIPPED
CONTAMINANTS TO THE ATMOSPHERE.

PRIOR TO THE INSTALLATICN OF THE GROUND WATER REMEDIATION SYSTEM, ADDITIONAL INVESTIGATION OF
THE HYDROGEQLOGIC REGIME IN THE VICINITY OF THE MEW SITE WILL BE PERFORMED. THE PURPOSE OF
THIS INVESTIGATION WILL BE TO IDENTIFY THE VERTICAL EXTENT OF CONTAMINATION; CONFIRM THE
PRESENCE QR ABSENCE OF A CONTINUOUS AQUICLUDE WITHIN THE UPPER 200-300 FEET OF THE BEDROCK:
PERFORM PUMF TESTS TO DETERMINE THE FLOW RATES AND HYDRAULIC CONDUCTIVITY OF THE AQUIFER;
CONFIRM THE FLOW DIRECTICN OF THE AQUIFER; AND IDENTIFY OTHER DATA THAT WILL BE NECESSARY FOR
THE DESIGN OF THE GROUND WATER REMEDIATION SYSTEM,

ELEMENTS REQUIRED FOR IMPLEMENTATION OF THE GROUND WATER REMEDY INCLUDE THE FOLLOWING:

THE AQUIFER WILL BE TESTED, EITHER BY PUMP OR SLUG TESTS, TO IDENTIFY FLOW RATES AND
HYDRAULIC CONDUCTIVITY OF THE AQUIFER. THIS INFORMATION WILL BE NEEDED TO DESIGN THE
EXTRACTION WELL NETWORK TO OPTIMIZE ITS REMOVAL EFFICIENCY. IN ADDITION, THE WATER EXTRACTED
DURING THE PUMP TESTS WILL BE SAMPLED AND ANALYZED TO BETTER IDENTIFY THE CONTAMINANTS AND
ASSOCTATED CONCENTRATIONS PRESENT IN THE GROUND WATER. DESIGN PARAMETERS AFFECTED BY THE
RESULTS OF THIS TESTING INCLUDE: THE SIZE QF THE WELLS, PUMPS AND STORAGE TANKS; THE LENGTH
OF PUMPING TIME; THE SIZE OF THE AIR STRIPPING TOWER; AND THE AMOUNT OF ACTIVATED CARBON
NEEDED TO FILTER THE VAPOR PHASE.

GROUND WATER FROM THE SITE WILL BE USED IN A BENCH-SCALE AIR- STRIPPER TEST TO EVALUATE THE
EFFECTIVENESS OF THE SYSTEM ON THE SITE CONTAMINANTS. THE INFORMATION GATHERED FROM THESE
TESTS WILL BE USED TO ADJUST DESIGN PARAMETERS TO ACHIEVE OPTIMUM CONTAMINANT REDUCTICON AND
REMOVAL.
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AFTER THE DATA FROM THESE TESTS ARE AVAILABLE, A CONCEPTUAL DESIGN COF THE EXTRACTICN WELL
NETWORK WILL BE PRODUCED. THIS CONCEPTUAL DESIGN WILL BE STUDIED AND REVIEWED TG IDENTIFY IF
A MORE EFFICIENT OR COST-EFFECTIVE OPTION EXISTS. WHEN THIS PEER REVIEW IS COMPLETE, THE
EXTRACTION WELL SYSTEM WILL BE DESIGNED, THIS DESIGN WILL INCLUDE WELL LOCATIONS, PUMP
SIZES, PUMPING FREQUENCY, LOCATION AND SIZES OF CONNECTING PIPING, THE SIZE AND LOCATION OF
THE STORAGE TANK AND THE LOCATION OF THE AIR-STRIPPER.

THE DATA GATHERED DURING THE AQUIFER TESTS AND TRE TREATABILITY STUDY WILL BE USED TO DEVELOP
THE SPECIFICATIONS FOR THE AIR-STRIPPER TC BE USED AT THE SITE. THESE SPECIFICATIONS WILL BE
USED TO IDENTIFY THE VENDOR WITH THE MOST APPROPRIATE UNIT FOR THE SITE. AN AIR-STRIPPER,
MODIFIED AS NECESSARY TO MEET SITE CRITERION, WILL THEN BE PURCHASED. THE PURCHASED
AIR-STRIPPER SYSTEM WILL BE ASSEMBLED ONSITE. THE AIR-STRIPPER WILL HAVE PIPING FOR
DISCHARGE OF THE PROCESSED WATER TO THE LOCAL POTW OR TO THE WETLAND ARER VIA A SURFACE WATER
DISCHARGE.,

THE EXTRACTION WELLS WILL BE STRATEGICALLY LOCATED TO INTERCEPT THE CONTAMINATED GROUND
WATER. THE STORAGE TANK WILL BE INSTALLED WITH PIPING CONNECTED TO THE AIR-STRIPPER.

AFTER THE EXTRACTION WELLS AND APPURTENANT PIPING AND UTILITIES AND THE AIR-STRIPPER SYSTEM
ARE INSTALLED THE ENTIRE SYSTEM WILL BE CONNECTED. PRESSURE TESTING CR VISUAL INSPECTICN OF
ALL CONNECTIONS WILL BE PERFORMED AS APPROPRIATE. THE SYSTEM THEN WILL BE STARTED-UP AND
CLEANUP OF THE GROUND WATER INITIATED.

DISCHARGES FROM THE AIR-STRIPPER SYSTEM WILL BE MONITORED FREQUENTLY, BOTH THE VAPOR AND
LIQUID PHASE. THE ANALYTICAL DATA FROM MONITORING WILL BE EVALUATED TO ENSURE THAT THE
DISCHARGES ARE IN COMPLIANCE WITH THE REGULATIONS FOR SURFACE WATER AND AIR EMISSIONS.
ADJUSTMENTS TO THE SYSTEM WILL BE MADE TO ENSURE THAT ALL APPROFRIATE REGULATIONS ARE
COMPLIED WITH. THOSE PORTICNS OF THE SYSTEM WITH A FINITE OPERATIONWAL LIFE, I.E., ACTIVATED
CARBON FILTERS, WATER FILTER, WATER PUMPS, ETC., WILL BE REPLACED AS NECESSARY TO KEEP THE
SYSTEM OPERATIONAL.

SAMPLES OF THE GROUND WATER WILL BE OBTAINED AND ANALYZED TO EVALUATE THE PERFORMANCE OF THE
AIR-STRIPPER SYSTEM. THE EXTRACTION AND AIR-STRIPPING OF THE GROUND WATER WILL CONTINUE
UNTIL RISK CRITERJA OR REGULATORY LIMITS ARE MET. AFTER REGULATORY LIMITS ARE MET AND
MAINTAINED FOR A PERIOD NO LESS THAN ONE YEAR, THE SYSTEM WILL EE SHUT-DOWN., AFTER SHUT-DOWN
THE GROUND WATER WILL BE MONITORED ON A QUARTERLY BASIS FOR A FERIOD OF AT LEAST TWO YEARS,
IF DURING THIS TIME, THE CONTAMINANT CONCENTRATIONS DO NOT INCREASE ABOVE REGULATORY LIMITS,
THE AIR-STRIPPING SYSTEM WILL BE DECOMMISSIONED AND THE EXTRACTION WELLS RBANDONED IN
COMPLIANCE WITH THE REQUIREMENTS SET FORTH BY THE STATE OF MISSOURI.

PURSUANT TO CERCLA S121, ANY REMEDIAL ACTION THAT RESULTS IN ANY HAZARDOUS SUBSTANCES,
POLLUTANTS, OR CONTRAMINANTS REMAINING AT THE SITE SHALL BE REVIEWED NO LESS OFTEN THAN FIVE
YEARS AFTER THE INITIATION OF SUCH REMEDIAT, ACTION TO ENSURE THAT HUMAN HEALTH AND THE
ENVIRONMENT ARE BEING PROTECTED BY THE REMEDIAL ACTION BEING IMPLEMENTED.

BECAUSE THE REMEDIAL ACTIONS FOR THE SITE WILL RESULT IN HAZARDOUS SUBSTANCES REMAINING IN
THE ONSITE GROUND WATER AND WILL REQUIRE THAT INSTITUTIONAL CONTRCLS BE PLACED ON THE SITE
THE OVERALL SITE CONDITIONS WILL BE REVIEWED AT LEAST ONCE EVERY FIVE YERRS AFTER THE
INITIATION OF THE REMEDIAL ACTION AT THE SITE. THIS REVIEW WILL BE CONSISTENT WITH THE
CERCLA STANDARDS APPLICABLE FOR FIVE-YEAR SITE REVIEWS IN EFFECT AT THE TIME OF THE REVIEW.
THE EXTENT AND NATURE OF THIS REVIEW PROGRAM WILL BE DEVELOPED DURING THE DESIGN PHASE OF THE
SELECTED REMEDY, BUT WILL INCLUDE AT A MINIMUM, THOSE DATA COLLECTED DURING THE MCONITORING
PROGRAMS IDENTIFIED ABOVE FOR THE GROUND WATER AND THE ONSITE INCINERATOR.

#8D
11.0 STATUTORY DETERMINATIONS

THE REMEDIAL ACTIONS SELECTED FOR IMPLEMENTATION AT THE MISSOURY ELECTRIC WORKS SITE ARE
CONSISTENT WITH CERCLA AND, TO THE EXTENT PRACTICABLE, THE NCP, THE SELECTED REMEDIES ARE
PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT, ATTAIN ARARS, AND ARE COST-EFFECTIVE. THE
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SELECTED REMEDIES ALSO SATISFY THE STATUTORY PREFERENCE FOR TREATMENT WHICH PERMANENTLY AND
SIGNIFICANTLY REDUCE THE TOXICITY, MOBILITY, OR VOLUME OF HAZARDOUS SUBSTANCES AS A PRINCIPLE
ELEMENT.

THE SELECTED REMEDIES FOR THE SITE WILL ADDRESS THE RELEASE OR THREAT OF RELEASE POSED BY THE
CONTAMINATED SOILS, SEDIMENTS AND GROUND WATER. THE REMEDIES SELECTED ARE THEREBY PROTECTIVE.

THE SOIL AND SEDIMENT CLEANUP LEVELS TO BE ATTAINED THROUGH EXCRVATICN AND ONSITE
INCINERATION WILL REDUCE THE RISKS ASSOCIATED WITH THESE CONTAMINATED MATERIALS TO A LEVEL
PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT. THESE CLEANUP LEVELS ADDRESS THE RISKS FROM
DIRECT CONTACT, INHALATION AND INGESTION OF THE CONTAMINATED SOILS OR SEDIMENTS OR THE VAPORS
ORIGINATING FRCM THE CONTAMINATED SOILS AND SEDIMENTS.

THE EXTRACTION AND ONSITE TREATMENT OF THE GROUND WATER WILL COMPLY WITH THE CLEANUP LEVELS
ESTAELISHED FOR THE SITE. THESE CLEANUP LEVELS ARE THE FEDERAL MCLS AND THE MISSCOURI GROUND
WATER CRITERIA,

THE SELECTED REMEDIES WILL MEET OR ATTAIN ALL APPLICABLE OR RELEVANT AND APPROPRIATE FEDERAL
AND STATE REQUIREMENTS THAT APPLY TO THE SITE. FEDERAL AND STATE LAWS WHICH ARE APPLICABLE OR
RELEVANT AND APPROPRIATE ARE IDENTIFIED IN APPENDIX A.

#DsC
12.0 DOCUMENTATION OF SIGNIFICANT CHANGES

THERE WERE MO SIGNIFICANT CHANGES MADE TC THE PROPOSED PLAN IN THIS RECORD OF DECISION.
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#RS
THE RESPONSIVENESS SUMMARY:

1.0 OVERVIEW

IN THE PROPOSED PLAN RELEASED TO THE PUBLIC, THE ENVIRONMENTAL PROTECTION AGENCY (EPA), WITH
MISSOURI DEPARTMENT OF NATURAL RESQURCE (MDNR) CONCURRENCE, MADE A PRELIMINARY SELECTION FOR
THE PREFERRED ALTERNATIVE FOR REMEDIAL ACTION AT THE MISSOURI ELECTRIC WORKS SITE. EPA'S
RECOMMENDED ALTERNATIVES ADDRESSED THE PCB-CONTAMINATED SOILS AND SEDIMENTS AND THE
CONTAMINATED GROUND WATER AT THE SITE. THE PREFERRED ALTERMATIVE INVOLVED EXCAVATION AND
ONSITE INCINERATION OF THE PCB-CONTAMINATED SOILS AND SEDIMENTS AND EXTRACTION AND TREATMENT,
USING AN AIR-STRIPPER, OF THE CONTAMINATED GROUND WATER.

JUDGING FROM THE COMMENTS RECEIVED DURING THE PUBLIC COMMENT PERIOD, THE RESIDENTS OF CAPE
GIRARDEAU GENERALLY ACCEPTED THE PREFERRED ALTERNATIVE AS PRESENTED. WITH THE EXCEPTION OF
ONE COMMENT, OPPOSITION TO THE PREFERRED ALTERNATIVE FOR THE SQOILS AND SEDIMENTS WAS NOT
INDICATED.

2.0 BACKGROUND ON COMMUONITY INVOLVEMENT

EPA AND THE MISSOURI DEPARTMENT OF HEALTH HELD MEETINGS WITH ADJACENT PROPERTY OWNERS AND
OTHER INTERESTED CITIZENS IN CAPE GIRARDEAU, MISSOURI ON JULY 11 AND 12, 1589. THE PURPOSE
OF THESE MEETINGS WAS TO DISCUSS THE SITE CONDITIONS AND THE HEALTH RISKS THAT THE SITE
REPRESENTED TC THE GENERAL PUBLIC. EPA STAFF PARTICIPATED IN TWO LOCAL CAPE GIRARDEAU,
MISSOURI RADIO TALK SHOWS DURING JULY 1989; INTERESTED CITIZENS WERE ABLE TO "CALL-IN" AND
ASK QUESTICNS OF THE EPA STAFF CONCERNING THE MISSOURI ELECTRIC WORKS SITE AND THE RELATED
ACTIVITIES.

THE ADMINISTRATIVE RECORD WAS PLACED IN THE CAPE GIRARDEAU PUBLIC LIBRARY ON AUGUST 11, 19839,
THE DOCUMENTS CONTAINED IN THE ADMINISTRATIVE RECORD IDENTIFIED THE NEED FOR A REMEDIAL
INVESTIGATION/FEASIBILITY STUDY (RI/FS). A PUBLIC MEETING WAS HELD IN CAPE GIRARDEAU ON
SEPTEMBER 19, 198% TO INFORM THE PUBLIC OF THE DETAILS OF THE ONGOING REMEDIAL INVESTIGATION
AND TO IDENTIFY POSSIBLY REMEDIAL ALTERNATIVES THAT WOULD BE CONSIDERED DURING THE
FERSIBILITY STUDY. A SECOND PUBLIC MEETING WAS HELD ON JUNE 11, 1950 TO INFORM TRE PUBLIC OF
THE REMEDIAL INVESTIGATION FINDINGS AND TO AGAIN IDENTIFY THE REMEDIAL ALTERNATIVES THAT
WOULD BE CONSIDERED DURING THE FEASIBILITY STUDY, FACT SHEETS, IDENTIFYING SIGNIFICANT SITE
ACTIVITIES, WERE ISSUED TC EVERYONE ON EPA'S MAILING LIST FOR THE SITE IN JUNE, AUGUST, AND
NOVEMBER 198% AND MARCH, MAY AND JULY 1930.

THE RI/FS AND PROPOSED PLAN FOR THE MISSOURI ELECTRIC WORKS SITE WERE RELEASED TO THE PUBLIC
DURING AUGUST 199¢. THESE THREE DOCUMENTS WERE MADE AVAILABLE TO THE PUBLIC IN THE
ADMINISTRATIVE RECORD AND ITS ADDENDUM LOCATED IN THE EPR RECORD CENTER, REGION VII AND AT
THE CAPE GIRARDEAU, MISSOURI PUBLIC LIBRARY. THE ROTICE OF AVAILABILITY FOR THESE THREE
DOCUMENTS WAS PUBLISHED IN THE NEWS GUARDIAN AND THE SQUTHEAST MISSOURIAN ON AUGUST 19, 1930,
A PUBLIC COMMENT PERIOD WAS HELD FROM AUGUST 19 TO SEPTEMBER 17, 19%90. 1IN ADDITION, A PUBLIC
HEARING WAS HELD ON AUGUST 30, 1990. AT THIS MEETING, REPRESENTATIVES FROM EPA, THE MISSOURI
DEFARTMENT OF NATURAL RESOURCES, THE MISSOURI DEPARTMENT OF HEALTH AND THE AGENCY FOR TOXIC
SUBSTANCES AND DISBASE REGISTRY (ATSDR) WERE AVAILABLE TO ANSWER QUESTIONS ABOUT PROBLEMS AT
THE SITE AND} THE REMEDIAL ALTERNATIVES UNDER CONSIDERATION.

3.0 SUMMARY OF COMMENTS RECRIVED DURING THE PUBLIC CCMMENT PERIOD
COMMENTS RAISED DURING THE PUBLIC COMMENT PERIOD ON THE DRAFT FEASIBILITY STUDY (FS) AND

FROPOSED PLAN ARE SUMMARIZED BELOW. THE PUBLIC COMMENT PERIOD WAS HELD FROM AUGUST 19 TO
SEPTEMBER 17, 1950. :
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2.1 COMMBNTS FiOM INTERESTED CITIZRENG
COMMENT #1

RUTH HATHAWAY, CHAIRMAN OF THE LOCAL EMERGENCY PLANNING COMMITTEE, AND BRUCE HATHAWAY,
ASSCOCIATE PROFESSOR OF CHEMISTRY AT SOUTHEAST MISSOURI STATE UNIVERSITY, WROTE TO EXPRESS
THEIR SUPPORT OF EPA'S PREFERRED ALTERNATIVE OF ONSITE INCINERATION. THEY INDICATED THAT
THIS ALTERNATIVE WAS AN EFFICIENT AND EFFECTIVE WAY TO DISPOSE OF PCBS.

RESPONSE

AS INDICATED IN THE PROPOSED PLAN, IT IS EPA'S OPINION THAT ONSITE INCINERATION IS THE
ALTERNATIVE THAT MEETS THRESHOLD CRITERIA AND PROVIDES THE BEST BALANCE BETWEEN THE "PRIMARY
BALANCING CRITERIA® AS IDENTIFIED IN THE NCP.

COMMENT #2

MR. C. J. MORRILL, WHO OWNS THE PROPERTY ADJACENT TO THE MEW PROPERTY AND OPERATES A
CONSTRUCTION BUSINESS FROM THAT PROPERTY, ASKED SEVERAL QUESTIONS CONCERNING SPECIFIC DETAILS
OF THE ACTUAL REMEDIAL ACTION,

RESPONSE

THE PROPOSED PLAN INDICATES THAT IT IS ESTIMATED THAT THE ONSITE INCINERATION OF
PCB-CONTAMINATED SOILS WILL TAKE ABCUT TWO YEARS; THE GROUND WATER EXTRACTION AND TREATMENT
IS ANTICIPATED TO CONTINUE FOR APPROXIMATELY 15 YEARS, IT IS NOT POSSIBLE, AT THIS TIME, TO
ANSWER THE QUESTIONS REGARDING THE SPECIFICS OF ACTUAL REMEDIAL ACTION ITEMS SINCE THE DESIGN
HAS NOT BEEN INITIATED NOR THE CONTRACTOR SELECTED. THE ANSWERS WILL REMAIN UNKNOWN UNTIL
THE DESIGN FOR THE REMEDIAL ACTION HAS BEEN COMPLETED AND WITH RESPECT TO GROUND WATER, UNTIL
THE CLEANUP LEVELS ARE ACHIEVED. EPA WILL BE OVERSEEING AND MONITORING THE REMEDIAL ACTION
EFFORTS WHILE THEY ARE PERFORMED,

COMMENT #3

MR. MORRILL ALSO ASKED SOME QUESTIONE REGARDING ONSITE INCINERATION. SPECIFICALLY, HE WANTED
TO HAVE A DETAILED EXPLANATION OF WHAT INCINERATION INVOLVES; HOW IT WOULD BE COMPLETED; HOW
THE MATERIALS WOULD BE HANDLED; HOW EMISSICNS WOULD BE HANDLED; WHEN WOULD THE “BURNING" TAKE
PLACE; WHAT WOULD HAPPEN TO THE RESIDUES; WHAT TYPE OF BACKFILL MATERIAL WOULD BE USED; WOULLD
THE AREA BE REVEGETATED; AND CONCERNS ABCUT HIS EMPLOYEES' HEALTH AND SAFETY DURING
REMEDIATICN.

RESPONSE

THERE ARE FIVE BASIC COMPONENTS TO A ROTARY KIIN INCINERATOR (WHICH IS THE MOST COMMON TYPE
OF INCINERATOR AND MAY BE CHOSEN FOR THE REMEDIAL ACTION). THESE COMPONENTS ARE: 1) THE
ROTARY KILN (PRIMARY COMBUSTION CHAMEER); 2) SBCONDARY COMBUSTION CHAMBER; 3) HEAT RECOVERY
BOILER; 4) AIR POLLUTION CONTROL TRAIN; AND 5) EFFLUENT NEUTRALIZATION CHAMBER. THE SOIL IS
FED IN TO THE ROTARY KILN THAT IS MOUNTED ON AN INCLINE. TEMPERATURES RANGE FROM 1,200 TO
1,800 DEGREES FAHRENHEIT AND} THE RESIDENCE- TIME DEPENDS ON THE CONTAMINANTS BEING TREATED.
TYPICAL FEED RATES FOR SOILS IS 1,300 TO 1,400 POUNDS PER HOUR. THE SOIL IS REMOVED AT THE
LOWER END OF THE KILN AND THE VAPORS REMOVED FROM THE SOIL, THE VAPORS ARE THEN PROCESSED
THROQUGH THE SECONDARY CHAMBER AT TEMPERATURES OF 1500 TO 3000 DEGREES FAHRENHEIT, TO COMPLETE
OXIDATION, AS THE EXHAUST GASES EXIT THE SECONDARY CHAMBER, THEY ARE DIRECTED THROUGH A
POLLUTION CONTROL TRAIN WHICH MAY CONSIST OF A WATER QUENCH, A PACKED SCRUBBING TOWER OR AN
INJECTION SCRUBBER SYSTEM. DETAILS OF WHAT IS ANTICIPATED FOR THE ONSITE INCINERATION SYSTEM
AT THE MEW SITE ARE PRESENTED ON PAGES 47 THROUGH 51 OF THE DECISION SUMMARY AND GRAPHICALLY
ON FIGURE 11.

CONCEPTUALLY, THERE ARE NO PLANS TO STOP THE ONSITE INCINERATION PROCESS ONCE IT BEGINS. THE
S0ILS WILL BE EXCAVATED, PROCESSED, INCINERATED, TESTED AND USEL AS BACKFILL ON THE MEW
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PROPERTY,

CONCEPTUAL PLANS WOULD BE TO STOCKPILE EXCAVATED CONTAMINATED SOILS ON THE MEW PROPERTY TO
AWAIT INCINERATION. ONLY VERY SHORT HAUL DISTANCES ARE ANTICIPATED.

AS INDICATED ABOVE, EMISSIONS FROM THE INCINERATOR WOULD BE PROCESSED THROUGH A POLLUTION
CONTROL TRAIN TQ ENSURE THAT ANY RELEASES TO THE ATMOSPHERE ARE MINIMIZED AND ARE IN
COMPLIANCE WITH THE STANDARDS SET BY THE CLEAN AIR ACT AND THE TOXIC SUBSTANCES CONTROL ACT.
FREQUENT MONITORING OF THE EMISSIONS WILL BE PERFORMED. ANALYTICAL TESTING OF THE EXHAUST
GASES WILL BE DONE FREQUENTLY.

THE ACTUAL HOURS DURING THE DAY THAT THE INCINERATOR WILL BE OPERATING CANNOT BE IDENTIFIED
AT THIS TIME. IT IS A QUESTION THAT CAN BE BETTER ANSWERED AFTER REMEDIAL DESIGN IS

_COMPLETED AND THE REMEDIAL ACTION IS UNDERWAY.

THE SOIL "ASH" WHICH REMAINS AFTER INCINERATION WILL BE TESTED USING TOXICITY CHARACTERISTIC
LERCHING PROCEDURE (TCLP) TEST METHODS. (A FACT SHEET ON ‘'HE FINAL TOXICITY RULE IS
ATTACHED) ., THIS TESTING PROCEDURE WILL IDENTIFY IF THE ASH IS HAZARDOUS. IT IS ANTICIPATED
THAT THE ASH WILL NOT BE HAZARDOUS, AND, THUS, IT WILL BE USED AS A BACKFILL MATERIAL ON THE
MEW PROPERTY. A CLEAN SOIL CAP WILL BE PLACED CVER THE ASH.

SPECIFICS OF SITE RESTORATION ARE NOT AVAILABLE AND WILL NOT BE AVAILABLE UNTIL AFTER THE
REMEDIAL DESIGN ARE COMPLETE. IT IS ANTICIPATED THAT THE EXCAVATED AREAS OUTSIDE THE MEW
PROPERTY WILL BE BACKFILLED USING A VERIFIED NON-CONTAMINATED SOIL FROM A RELATIVELY LOCAL
BORROW SOURCE. AFTER BACKFILLING CPERATICNS ARE COMPLETE, THE AREA WILL BE REVEGETATED.

COMPLIANCE WITH THE ARARS WILL MINIMIZE ANY RISK DURING THE REMEDIAL ACTION, AS DISCUSSED IN
THE RECORD OF DECISION. RISKS TO MORRILL CONSTRUCTION EMPLOYEES, ON MORRILL PROPERTY, IS NOT
ANTICIPATED TO BE SIGNIFICANTLY DIFFERENT DURING THE REMEDIAL ACTION THAN THEY ARE NOW.
MORRILL EMPLOYEES SHOULD STAY AWAY FROM THE EXCAVATION AND BACKFILL OPERATIONS ON MORRILL
PROPERTY UNTIL THEY ARE COMPLETE. MORRILL EMPLOYEES SHOULD ALSQO STAY AWAY FROM THE
INCINERATOR AND ASSOCIATED OPERATIONS. AFTER THE REMEDIAL ACTION, THE THREAT TO HUMAN HEALTH
AND THE ENVIRONMENT POSED BY THE PCB~CONTAMINATION WILL BE ELIMINATED.

COMMENT #4

MR. BRIAN GARDNER, LEGAL REPRESENTATIVE OF HALL STREET ASSCCIATES WHICH OWNS PROPERTY
ADJACENT TO MEW PROPERTY, EXPRESSED CONCERNS REGARDING THE SPECIFIC AREAS WHICH WOULD BE
CLEANED DURING THE REMEDIAL ACTION. HIS CLIENT WAS CONCERNED SINCE EPA HAD NOTIFIED IT
DURING 1987 THAT PCBS AT CONCENTRATIONS OF 88 PPM HAD BEEN DETECTED ON THE HALL STREET
ASSOCIATION FROPERTY. MR. GARDNER WAS ALSCO CONCERNED SINCE HIS CLIENT HAD NOT RECEIVED
ANALYTICAL, DATA FROM SAMPLES OBTAINED DURING THE REMEDIAL INVESTIGATION.

RESPONSE
THE 10 PPM ISOCONCENTRATION LINE INDICATED IN THE PROPOSED PLAN IS ONLY AN ESTIMATE OF THE

EXTENT OF REMEDIAL ACTION FOR THE SOILS. ALL SURFACE SOILS CONTAMINATED WITH PCBS. AT
CONCENTRATIONS EXCEEDING 10 PPM WILL BE EXCAVATED AS PART OF THE SOIL REMEDIAL ACTION.

ANALYTICAL RESULTS FROM SAMPLES, IF ANY, COLLECTED FROM THE HALL STREET ASSOCIATION PROPERTY
WILL BE FORWARDED TO MR. GARDNER, BY EPA.

DR. T. R. WEST, REPRESENTING 12 RURAL ELECTRIC COOPERATIVES FROM THE STATES OF ILLINOIS,
INDIANA, OHIO, AND TENNESSEE, MADE THE FOLLOWING COMMENTS ON EPA'S PROPOSED PLAN:
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A. DR. WEST CONTENDS THAT THE ONSITE INCINERATION OF THE PCB-CONTAMINATED SOILS WILL
ELTMINATE THE SOURCE OF CONTAMINATION IN THE RAVINE AREA. NATURAL ATTENUATION BY THE CLAY
SOIL AND CHEMICAL DISPERSION OF THE ORGANIC CONTAMINANTS WITH TIME AND DISTANCE WILL REDUCE
CONTAMINANT CONCENTRATIONS IN THE GROUND WATER TO THE PROPOSED ACTION LEVELS.

B. DR. WEST STATES THAT THE VOLATILE ORGANICS CONTAMINATING THE GROUND WATER ARE INDUSTRIAL
CLEANING SOLVENTS AND NOT CONSTITUENTS FROM TRANSFORMER OIL OR OIL FROM OTHER ELECTRICAL
EQUIPMENT.

C. THE GROUP OF TWELVE RURAL ELECTRIC COOFPERATIVES ASSERT THAT THE TRANSFORMERS SENT TOQ MEW

BY THEM WERE SENT BEFORE THE TSCA REGULATIONS BECAME EFFECTIVE IN 1979, THEREFORE, THEY HAVE

NO OBLIGATION TO CLEANUP THE SITE.

D, DR. WEST STATES THAT BASED ON THE INFORMATION GATHERED DURING THE REMEDIAL INVESTIGATION,
THE WATER BEARING ZONE TESTED DOES NOT QUALIFY AS AN AQUIFER. IT IS NOT POSSIBLE, ACCORDING
TO THIS COMMENTOR, FOR A SUSTAINING WELL TO BE DEVELOPED IN THIS ZONE. THEREFORE, THERE IS
NO PUBLIC HEALTH OR ENVIRONMENTAL THREAT TO GROUND WATER, AND NO NEED TO COLLECT AND TREAT
GROUND WATER FROM THIS WATER-BEARING ZONE.

RESPONSE

A, EPA CONCURS WITH THE FACT THAT ONSITE INCINERATION WILL ELIMINATE THE PCE CONTAMINATION
AND ANY VOLATILE ORGANIC CONTAMINATION THAT IS PRESENT IN THE SOILS TO BE INCINERATED,
HOWEVER, THE DEPTH TO THE GROUND WATER AT THE SITE IS ALMOST 40 FEET., IT IS NOT ANTICIPATED
THAT S0ILS WILL BE EXCAVATED AND INCINERATED TO THESE DEFTHS. FURTHERMORE, VOLATILE ORGANIC
CONTAMINATION WAS FOUND IN THE SOILS ADJACENT TO THE MEW STRUCTURE AND IN THE GROUND WATER
NORTHWEST OF THE RAVINE ARREA. THIS INDICATES THAT THERE MAY BE MULTIPLE SOURCES OF VOLATILE
ORGANICS WHICH ARE CONTAMIMATING THE GROUND WATER. ONSITE INCINERATION OF THE PCBS WILL NOT
NECESSARILY REMOVE THE VOLATILE ORGANIC COMPOUND SQURCES OF GROUND WATER CONTAMINATION.

MONITCRING OF THE GROUND WATER WILL NOT ACTIVELY REDUCE THE THREATS POSED BY THE CONTAMINANTS

PRESENT.

B. THE QUESTION OF LIABILITY FOR THE CONTAMINATION AT THE SITE IS NOT PERTINENT TC THE REMEDY

SELECTION AND THIS RECORD OF DECISION. ACCORDINGLY, THIS COMMENT WILL NOT BE ADDRESSED AT
THIS TIME.

C. SEE RESPONSE TO #1 - B ABOVE.

D. MDNR HAS IDENTIFIED THE GROUND WATER MONITORED AT THE MEW SITE AS AN AQUIFER. THE
INFORMATION IN THE POSSESSION OF MDNR INDICATES THAT THERE IS NOT A CONTINUCUS AQUICLUDE IN
THE BEDROCK, IN THE AREA OF THE MEW SITE, FOR A DEPTH OF APPROXIMATELY 1,000 FEET.
CONTAMINATION IN GROUND WATER MIGRATES BOTH VERTICALLY AND HORIZONTALLY, WHICH COULD IMPACT
EXISTING OR FUTURE DRINKING WATER WELLS. THERE IS NO INFORMATION IN THE RECORD OR IN DR.
WEST'S LETTER THAT REFUTES THE MDNR DATA, CONSTRUCTION OF DEEP EXPLORATORY BORINGS WITH
SUBSEQUENT INSTALLATION OF MONITORING WELLS TC BE CONDUCTED IN THE HYDROGEOLOGICAL
INVESTIGATION DURING THE REMEDIAL DESIGN WILL PROVIDE INFORMATION ABOUT THE PRESENCE OR
ABSENCE OF AN AQUICLUDE IN THE BEDROCK IN THE VICINITY OF THE MEW SITE AS WELL AS PROVIDE
DATA REGARDING THE VERTICAL EXTENT OF GROUND WATER CONTAMINATION. THEREFORE, EPA DISAGREES
WITH THE STATEMENT “THEREFORE, THERE IS NO PUBLIC HEALTH OR ENVIRONMENTAL THREAT TO
GROUNDWATER, AND NO NEED TO COLLECT AND TREAT GROUND WATER FROM THIS WATER-BEARING ZONE."

COMMENT #2

STUART HUNT, LEGAL COUNSEL FOR MISSOURI ELECTRIC WORKS, INC., SUBMITTED THE FOLLOWING
COMMENTS REGARDING EFA'S PROPOSED PLAN:

A. MR. HUNT INDICATED THAT THE MOST GLARING DEFICIENCY OQF THE PROPOSED PLAN WAS THAT IT
RECOMMENDS A REMEDY FOR THE PCB-CONTAMINATED SOILS THAT IS NOT COST-EFFECTIVE WHEN OTHER
TREATMENTS ARE AVAILABLE THAT ARE EQUALLY PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT.
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B. MR. HUNT INDICATED THAT THE PROPCSED PLAN DID WOT ADDRESS THE AIR POLLUTION THAT WOULD BE
EMITTED FROM THE INCINERATOR AND ITS POSSIBLE ADVERSE EFFECTS TO HUMAN HEALTH AND THE
ENVIRONMENT AND INTERFERE WITH THE ONGOING BUSINESSES IN THE AREA OF THE MEW SITE.

C. MR. HUNT FURTHER STATES THAT ACCORDING TO EPA GUIDARNCE CONCENTRATIONS OF PCBS AT
INDUSTRIAL SITES BELOW 500 PARTS PER MILLION REPRESENT "LOW THREAT®" AND COULD BE ADDRESSED
WITH CONTAINMENT AND SITE SECURITY. MEW BELIEVES THAT INSTITUTIONAL CONTRCLS, FENCING,
ASFHALT CAPPING AND DEED RESTRICTIONS WOULD ADEQUATELY PROTECT HIMAN HEALTH AND THE
ENVIRONMENT AT A FAR LOWER COST.

RESPONSE

A. FOR THE REASONS SET FORTH IN THE RECORD OF DECISION, THE BEST BALANCE BETWEEN THE PRIMARY
BALANCING CRITERIA IDENTIFIED IN THE NCP, INCLUDING COST-EFFECTIVENESS, IS PROVIDED BY ONSITE
INCINERATION. THE STABILIZATION/FIXATICN ALTERNATIVE PROVIDED SOME REDUCTION IN THE MOBILITY
OF THE PCB-CONTAMINATION, IT DID NOT REDUCE THE TOXICITY AND ACTUALLY INCREASES THE VOLUME OF
PCB-CONTAMINATED MATERIALS. ITS LONG-TERM EFFECTIVENESS IS LESS CERTAIN AS A RESULT OF
EROSICON, POSSIBLE SEISMIC EVENTS AND WEATHER VARIATIONS THAT MAY THREATEN THE INTEGRITY OF
THE MONOLITH. THE COSTS PRESENTED FOR SOLVENT EXTRACTION DO NOT INCLUDE THE CONSTRUCTION OF
A WATER TREATMENT UNIT, WHICH COULD AMOUNT TC OVER $1 MILLION.

AGAIN, ONSITE INCINERATION PROVIDED THE BEST BALANCE OF TRADE-OFFS, PARTICULARLY WITH RESPECT
TO LOWNG-TERM EFFECTIVENESS AND THE PERMANENT REDUCTION OF TOXICITY, MORILITY AND VOLUME.

B. AIR POLLUTION FROM THE ONSITE INCINERATOR IS ADDRESSED IN THE RECORD OF DECISION. A
POLLUTION CONTROL TRAIN WILL BE PART OF THE ONSITE INCINERATOR. THE EMISSIONS FROM THE
INCINERATOR WILL BE MONITORED FREQUENTLY TO ENSURE PROPER OPERATION. IT IS UNLIKELY THAT
IMPROPER OPERATICN QF THE INCINERATOR WOULD OCCUR WITH THE AMOUNT OF OVERSIGHT AND MONITORING
THAT WILL BE PERFORMED. ATTEMPTS WILL BE MADE TO MINIMIZE THE AMOUNT OF INTERFERENCE WITH
THE BUSINESS ACTIVITIES OF ONGOING BUSINESSES, TO THE EXTENT PRACTICABLE, THE PRIMARY
PURPOSE OF THE REMEDIAL ACTION IS TO CLEANUP THE SITE AND TC REMOVE THE THREAT TO HUMAN
HEALTH AND THE ENVIRONMENT. IN ACCOMPLISHING THIS DIRECTIVE, SOME SHORT-TERM INTERFERENCE
MAY OCCUR.

C. THE ARITHMETIC MEAN OF THE SAMPLING PERFORMED AT THE MEW SITE DURING THE REMEDIAL
INVESTIGATION 1S OVER 500 PARTS PER MILLICON. AS SUCH THE CONTAMINATION AT THE MEW SITE DOES
NOT REPRESENT “LOW THREAT" CONCENTRATIONS. CONSTRUCTION OF FENCES, WARNING SIGNS AND AN
ASPHALT CAP OVER THE CONTAMINATED AREA WOULD NOT BE PROTECTIVE OF HUMAN HEALTH OR THE
ENVIRONMENT NOR WOULD IT MET APPLICABLE OR RELEVANT AND APPROPRIATE REGULATIONS (ARARS) WRICH
IS THE THRESHOLD CRITERIA THAT MUST BE MET ACCORDING TO THE NCP. THIS REMEDIAL ALTERNATIVE
WAS ELIMINATED FROM FURTHER CONSIDERATION DURING THE COMPARATIVE ANALYSIS IN THE PROPOSED
PLAN BECAUSE IT DID NOT MEET THRESHOLD CRITERIA,

COMMENT #3

MR. THOMAS SIEDHOFF, AS REFRESENTATIVE OF THE MEW'S PRP STEERING COMMITTEE, SUBMITTED SEVERAL
COMMENTS ON THE PROPOSED PLAN. THESE COMMENTS ARE SUMMARIZED BELOW:

A. THE STEERING COMMITTEE BELIEVES THAT STABILIZATION OF PCB-CONTAMINATED SOILS SATISFIES THE
STATUTORY REQUIREMENTS OF CERCLA 5121 AND MEETS THE SELECTION CRITERIA OF THE NCP.

B. THE STEERING COMMITTEE STATES THAT THE ARITHMETIC MEAN CONCENTRATION OF THE
PCB-CONTAMINATION WITHIN THE 10 PPM ISCCONCENTRATION LINE IS ROUGHLY 522 PPM; THE GECMETRIC
MEAN IS ABOUT 20 PPM WITHIN THIS AREA. THE BLENDED SOILS WILL HAVE AN AVERAGE CONCENTRATION
OF LESS THAN 50 PPM WHICH WOULD *"LOGICALLY BE CONSIDERED TO BE BELOW THE THRESHOLD OF TSCA
INCINERATION LIMITS."

C. THE STEERING COMMITTEE BELIEVES THAT INCINERATION IS A VERY EXPENSIVE OPTION AND FEEL THAT
STABILIZATION/FIXATION OF THE SOILS AND THE LONG-TERM MANAGEMENT CONTROLS FOR ONSITE DISPOSAL
SHQULD BE MINIMAL AND SHOULD NOT BE VIEWED AS A SIGNIFICANT DISADVANTAGE.
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D. THE STEERING COMMITTEE STATES THAT THE GROUND WATER IS CONTAMINATED WITH CHLORIMNATED
SOLVENTS. NONE OF THE PRPS SENT CHLORINATED SOLVENTS TO MEW AND THEREFORE SHOULD NOT BE
RESPONSIBLE FOR THE GROUND WATER CONTAMINATION. THEY FEEL THAT THE REMEDIAL ACTION CAN AND
SHOULD BE DIVIDED INTO TWO OPERABLE UNITS; ONE FOR SOIL AND ONE FOR GROUND WATER
CONTAMINATION. THEY INDICATE THAT EPA SHOULD SELECT AN APPRCPRIATE GROUND WATER REMEDY.

E, THE STEERING COMMITTEE STATE THAT THE MDNR LEAKING UNDERGROUND STORAGE TANK GUIDELINES
DEFINE AN AQUIFER AS A GROUND WATER UNIT HAVING A FLOW OF 5 GALLONS PER MINUTE (GPM} OR MORE
AS A "USABLE" AQUIFER. THE HYDRAULIC DATA GENERATED DURING THE RI INDICATES THAT THE
MONITORING WELLS PROVIDED WATER VOLUMES SUBSTANTIALLY LESS THAN 5 GPM (ABOUT 1 GPM). IT
QUESTIONS WHETHER THE GROUND WATER CONTAMINATION POSES ANY FUTURE RISKS TG HUMAN HEALTH OR
THE ENVIRONMENT.

F. WHILE THE STEERING COMMITTEE ADMITS THAT DATA GAPS EXIST REGARDING THE VERTICAL EXTENT OF
THE GROUND WATER CONTAMINATION AND THE HYDRAULIC PARAMETERS BELOW A DEPTH OF 60 FEET, IT
BELIEVES THAT REMEDIATION OF THE SOIL CONTAMINATION WILL LIKELY MITIGATE THE SOURCE OF THE
GROUND WATER CONTAMINATION. THE EXISTING GROUND WATER CONTAMINATICN SHOULD BE ALLOWED TO
ATTENUATE NATURALLY AFTER THE SOILS HAVE BEEN REMEDIATED OR THE GROUND WATER REMEDY SHOULD BE
SELECTED AFTER THE RESULTS OF A SUPPLEMENTAL HYDROGEOLOGIC ASSESSMENT OF THE SITE AND
SURROUNDING AREA HAVE BEEN MADE.

G. THE STEERING COMMITTEE BELIEVES THAT IT WOULD BE PRUDENT FOR EPA TO DEFER THE FINAL
SELECTION OF A GROUND WATER ALTERNATIVE UNTIL A MORE COMPLETE EVALUATION OF THE GROUND WATER
REGIME HAS BEEN PERFORMED AND A MORE THOROUGH ASSESSMENT OF THE ACTUAL CURRENT AND POTENTIAL
FUTURE RISKS POSED BY GROUND WATER ARE EVALUATED,.

RESPONSE

A. FOR THE REASONS SET FORTH IN THE RECORD OF DECISION, THE BEST BALANCE BETWEEN THE PRIMARY
BALANCING CRITERIA IDENTIFIED IN THE NCP, INCLUDING COST-EFFECTIVENESS, IS PROVIDED BY ONSITE
INCINERATION. THE STABILIZATION/FIXATION ALTERNATIVE PROVIDED SOME REDUCTION IN THE MOBILITY
OF THE PCB-CONTAMINATION, IT DID NOT REDUCE THE TOXICITY AND ACTUALLY INCREASES THE VOLUME OF
PCB-CONTBEMINATED MATERIALS. 1ITS LONG-TERM EFFECTIVENESS IS LESS CERTAIN AS A RESULT OF
EROSION, POSSIBLE SEISMIC EVENTS AND WEATHER VARIATIONS THAT MAY THREATEN THE INTEGRITY OF
THE MONOLITH. THE COSTS PRESENTED FOR SOLVENT EXTRACTION DO NOT INCLUDE THE CONSTRUCTION OF
A WATER TREATMENT UNIT, WHICH COULD AMOUNT TO OVER $1 MILLION. AGAIN, ONSITE INCINERATION
PROVIDED THE BEST BALANCE OF TRADE-QFF2, PARTICULARLY WITH RESPECT TO LONG-TERM EFFECTIVENESS
AND THE PERMANENT REDUCTION OF TOXICITY, MOBILITY AND VOLUME.

B. EPA EXPRESSED ITS CONCERNS REGARDING THE APPARENTLY LOW VALUE OF THE ARITHMETIC AND
GEOMETRIC MEANS FOR PCB-CONTAMINATION CONCENTRATION LEVELS IN ITS COMMENT LETTER ON THE
REMEDIAL INVESTIGATICN REPORT. THE CALCULATED ARITHMETIC AND GEOMETRIC MEANR IDENTIFIED IN
THIS COMMENT REPRESENT CNLY DISCRETE SAMPLING POINTS, MOST OF WHICH WERE OBPTAINED DURING RI
SAMPLING. THE ANALYTICAL DATA FROM EPA COMPOSITE SAMPLES WERE NOT INCLUDED. IT IS EPA'S
OPINION THAT THE ARITHMETIC AND GEOMETRIC MEANS PRESENTED BY THE STEERING COMMITTEE
UNDERESTIMATE THE CONCENTRATIONS OF PCBS CONTAMINATING THE SOILS, PARTICULARLY ON THE MEW
PROFPERTY. THE PCE CONCENTRATIONS IN THE S0ILS, IN EPA'S OUR EVALUATION OF THE DATA, JUSTIFY
SELECTION OF THE ONSITE INCINERATION REMEDY.

THE ARITHMETIC MEAN OF THE SAMPLING PERFORMED AT THE MEW SITE DURING THE REMEDIAL
INVESTIGATION IS OVER 500 PARTS PER MILLION. AS SUCH THE CONTAMINATICN AT THE MEW SITE DOES
NOT REPRESENT "LOW THREAT® CONCENTRATIONS.

C. THE STABILIZATION/FIXATION ALTERNATIVE RELIES ON ENCAPSULATION OF THE CONTAMINATION IN A
STABILIZED MONCOLITH. THE RELATIVE LOW LEACHABILITY OF THE ENCAPSULATED MATERIALS RELIES ON
THE SIGNIFICANTLY REDUCED SURFACE AREA AVAILAELE TO THE LEACHING PROCESS, AS MENTIONED 1IN
THE PROPOSED PLAN, SHRINKAGE CRACKS OR FRACTURES IN THE MONOLITH AS A RESULT OF SEISMIC
ACTIVITY AS WELL AS WEATHERING FORCES WILL INCREASE THE SURFACE AREA SUSCEPTIBLE TO LEACHING.
OVER TIME THESE WEATHERING FORCES CQULD SIGNIFICANTLY REDUCE THE INTEGRITY OF THE STABILIZED
MASS, THEREBY MAKING IT LESS EFFECTIVE AS A CONTAINMENT OR ENCAPSULATING MEDIUM. AS
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EXPLAINED IN THE RECORD OF DECISION, EPA CONSIDERS ONSITE INCINERATION OF THE
PCB-CONTAMINATED SQILS TO BE COST-EFFECTIVE.

D, THE QUESTION OF LIABILITY FOR THE CONTAMINATION AT THE SITE IS NOT PERTINENT TO THE REMEDY
SELECTION AND THIS RECORD OF DECISION. ACCORDINGLY, THIS COMMENT WILL NOT BE ADDRESSED AT
THIS TIME.

BASED ON THE DATA GATHERED DURING THE VARIQUS INVESTIGATIONS AT THE SITE AND THE INFORMATION
IN THE POSSESSION OF MDNR REGARDING THE HYDROGEOLOGIC REGIME IN THE VICINITY OF THE SITE, IT
WAS THE QOPINION OF EPA THAT BOTH REMEDIES CAN AND THEREFORE SHOULD BE SELECTED AT THIS TIME.
HOWEVER, PROVISION HAS BEEN MADE FOR ADDITIONAL INVESTIGATION AND MONITORING OF GROUND WATER
AT THE SITE DURING THE REMEDIAL DESIGN PROCESS.

E, ACCORDING TO THE STATE OF MISSOURI, GECLOGIC SURVEY, THERE IS NO CONFINING LAYER, SUCH AS
A CONTINUQUS SHALE BED, IN THE VICINITY OF THE MEW SITE FOR A DEFTH OF 1,000 FEET. THIS
MEANS THAT THERE IS NC BARRIER BETWEEN THE CONTAMINATION DETECTED IN THE UPPER 30+ FEET OF
BEDROCK AND THE GROUND WATER BEING USED IN THE LOWER PORTIONS OF THE AQUIFER. THEREFORE, EPA
AND MDNR BELIEVES THAT THE CONTAMINATION PRESENT IN THE UPPER PORTION OF THE AQUIFER DOES
REPRESENT A RISK TO HUMAN HEALTH AND THE ENVIRONMENT.

F. EPA AGREES THAT ADDITIOMAL INFORMATION ABOUT THE HYDROGEOLOGIC REGIME IN THE VICINITY OF
THE SITE WOULD BE HELPFUL TO EFFECTIVELY DESIGN THE REMEDY. A PROVISION FOR ADDITICONAL
INVESTIGATION INTO THE GROUND WATER CONDITIONS, I.E, HORIZONTAL AND VERTICAL EXTENT OF
CONTARMINATION, DIRECTION OF GROUND WATER FLOW, DEPTH TO A CONFINING LAYER, ETC. HAS BEEN
INCLUDED IN THE RECORD OF DECISION, IN THE SELECTED GROUND WATER REMEDY. THESE STUDIES WOULD
BE PERFORMED PRIOR TO THE INITIATION OF GROUND WATER TREATMENT.

EPFA CONCURE WITH THE FACT THAT ONSITE INCINERATION WILL ELIMINATE THE PCE CONTAMINATION AND
ANY VOLATILE ORGANIC CONTAMINATION THAT 1S PRESENT IN THE SOILS TO BE INCINERATED. HOWEVER,
THE DEPTH TO THE GROUND WATER AT THE SITE IS ALMOST 40 FEET. THE VOLATILE ORGANIC COMPOUNDS
DETECTED IN THE GROUND WATER ARE CLASSIFIED AS “SINKERS" ; WHICH MEANS THAT THESE CHEMICAL
COMPOUNDS ARE HEAVIER THAN WATER AND TEND TO SINK TC A CONFINING LAYER AND FLOW ALONG IT WITH
DISPERSION INTO THE WATER AS THEY SINK. THE DATA AT THE SITE INDICATES THAT THERE MAY BE
MULTIPLE SCURCES OF GROUND WATER CONTAMINATION, THE ONSITE INCINERATION OF THE CONTAMINATED
SOILS MAY NOT REMOVE ALL SOURCE AREAS AND THEREFORE SEHOULD NOT BE COMSIDERED A "FIX" FOR THE
GROUND WATER CONTAMINATION.

G. EPA DOES NOT AGREE THAT THE DECISION REGARDING THE GROUND WATER REMEDY SELECTION SHOULD BE
DEFERRED. ENOUGH INFORMATION EXISTS FROM WHICH TO SELECT A GROUND WATER REMEDY. HOWEVER,
EPA WILL CONSIDER ADDITIONAL DATA GATHERED IN THE HYDROGEOLOGICAL INVESTIGATION DURING THE
REMEDIAL DESIGN PROCESS.
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TABLE 1 -- SUMMARY OF PCR EXPCSURE RISKS FOR CHILDREN MISSOURI ELECTRIC WORKS SITE

CURRENT USE -- HAZARD INDEX (HI)

RECREATIONAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TOTAL

RESIDENTIAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TOTAL

FUTURE USE -- HAZARD INDEX

RECREATICNAL
EXPOSURE PQINT
INGESTION
DERMAL

INHALATION

TOTAL

RESIDENTIAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TOTAL

WORST CASE
2.474
8.514

0.000140

10.9580140

WORST CASE
9l.5

315

0.0620

406.5620

WORST CASE
6.24

10.4
0.000167

16.640167

WORST CASE
189

315

0.0620

504.0620

MOST PROBABLE CASE

MOST

0.00356
0.0123
0.0000349

0.015894%9

PROBABLE CASE
0,132

0.454

0.0155

0.6015

MOST PROBABLE CASE

0.00898
0.015
0.0000419

0.0240219

MOST PROBABLE CASE

0.272
0.272
0.0155

0.332%9
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TABLE 2 -- SUMMARY OF PCB EXPOSURE RISKS FOR ADULTS MISSOURI ELECTRIC WORKS SITE

CURRENT USE --~ HAZARD INDEX

RECREATIONAL
EXPOSURE POINT
INGESTICON
DERMAL

INHALATION

TOTAL

RESIDENTIAL
EXPOSURE POINT
INGESTION
DERMAL
INHALATION

TOTAL
OCCUPATIONAL
EXPOSURE POINT
INGESTICN
DERMAL

INHALATION

TOTAL

WORST CASE

0.0548
3.084
0.000131

3.134931

WORST CASE

0.284
16.0
0.0580

16.342

WORST CASE
0.365
20.5
0.0123

20.8843

MOST FROBABLE CASE
0.0000791
0.00443
0.0000326

0.0045417

MOST PROBABLE CASE
0.000410
0.0239
0.0145

0.037921

MOST FROBABLE CASE
0.000527
0.0295
0.00483

0.034857

GEEYOTOSIQLE
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TABLE 3 -- GSUMMARY OF PCB EXPOSURE RISKS FOR ADULTS MISSOURI ELECTRIC WORKS SITE

FUTURE USE -- HAZARD INDEX

RECREATIONAL
EXPOSURE POINT WORST CASE
INGESTION 0.650
DERMAL 3.764
INHALATION 0.,000157
TOTAL 4,410157
RESYDENTIAL
EXPOSURE POINT WORST CASE
INGESTION 20.3
DERMAL 114
INHALATION 0.0580
TOTAL 134.358
OCCUPATIONAL
EXPOSURE POINT WORST CASE
INGESTION 20.3
DERMAL 114
INHALATION 0.0193
TOTAL 134.3153

MOST PROBABLE CASE
0.000938
0.00541
0.00002382

0.0063872

MOST PROBABLE CASE
0.0293
0.164
0.0145

0.2078

MOST PROBAELE CASE
0.0293
0.164
0.00483

0,19813

9€EPOIDSIAE
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TABLE 4 -- SUMMARY OF PCB EXPOSURE RISKS FOR CHILDREN MISSOURT ELECTRIC WORKS SITE

CURRENT USE -- INCREASED CANCER RISKS

RECREATIONAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TOTAL

RESIDENTIAL
INGESTION
DERMAL
INHALATION

TOTAL

WORST CASE

1 X {(10-3}
{10-3}
6 X (10-8)

S
~

5 X (10-3})

1 X (10-2)
(10-2)
3 X (10-5)

'S
L

5 X {10-2)

FUTURE USE -- INCREASED CANCER RISKS

RECREATIONAL
EXPOSURE DPOINT
INGESTION
DERMAL

INHALATION

TOTAL

RESIDENTIAL
INGESTION

DERMAL
INHALATION

TOTAL

WORST CASE

3 X (10-3)
{10-3)
8 X (10-8}

w
E ]

e X (10-3}

8 X (10-2)
1 X (lo-1})
3 X (10-%)

1.8 X {(10-1)

MOST PROBABLE CASE

2 X {10-8)
(10-3)
2 X (10-8)

'S
L

4 X (10-3}

2 X {10-5)
{(10-2)
T X (20-6)

[N
>

4 X (10-2})

MOST PROBABLE CASE

4 X (10-6)
7 X [10-6)
2 X (10-8)

1.1 X (10-5)

1 X (10-4}
2 X (10-4)
7 X (10-6)

3 X (10-4)

LEEHOIISTqE
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TABLE 5 -- SUMMARY OF PCB EXPOSURE RISKS FOR ADULTS MISSOURI ELECTRIC WORKS SITE

CURRENT USE -- INCREASED CANCER RISKS

RECREATIONAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TQTAL

RESIDENTIAL
EXPOSURE POINT
INGESTION
DERMAL

INHATATION

TOTAL

OCCUPATICNAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TOTAL

WORST CASE
3 X {10-5)
1 X (10-3}
6 X (10-8)

1 X (10-3)

WORST CASE
1 X (10-4})
7 X (10-3)
3 X {10-5)

7.1X10-3

WORST CASE
2 X {10-4)
9 X {(10-3}
6 X (10-6)

9 X {10-3}

MOST PROBABLE CASE

4 X (10-8)
2 X {(10-6)
1 X (10-8)

2 X (10-6}

MOST PROBABLE CASE

2 X {10-7)
1X (10-5)
6 X (10-8)

1.6 X {10-5)

MOST PROBABLE CASE

2 X (10-7)
1X (10-5)
2 X (10-8)

1.2 X (10-5}

geE¥010SIAE
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TAELE 6 -- SUMMARY OF FCB EXPOSURE RISKS FOR ADULTS MISSOURI ELECTRIC WORKS SITE

FUTURE USE -- INCREASED CANCER RISKS

RECREATIONAL
EXPOSURE POINT
INGESTION
DERMAL

INHALATION

TOTAL

RESIDENTIAL
EXPOSURE PQINT
INGESTION
DERMAL
INHALATION

TOTAL

OCCUPATIONAL
EXPOSURE POINT
INGESTION

DERMAL
INHALATION

TOTAL

WORST CASE
3 X (10-4)
2 X {10-3}
7 X {(10-8}

2.3 X (10-3)

WORST CASE
9 X (10-3)
S X (10-2)
3 X (10-5)

5.9 X (10-2)

WORST CASE
6 X (10-3)

4 X (10-2)
6 X (10-6)

4.6 X {(10-2)

MOST PROBARLE CASE
4 X (10-7)
2 X (10-6)
2 X (10-8)

2.4 X {10-8)

MOST PROBABLE CASE
1% (10-5)
7 X {10-5}
6 X {10-6}

© 8.6 X (10-5})

MOST PROBABLE CASE
g X (10-6}

5 X {10-5)
2 X (10-6)

6.1 X {10-5}
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TABLE 7 -- SUMMARY OF EXPOSURE RISKS FOR ADULTS INGESTION OF
VOC-CONTAMINATED GROUND WATER MISSOURI ELECTRIC WORKS SITE

FUTURE USE -- HAZARD INDEX

RESIDENTIAL

CONTAMINANT

TRANS 1, 2-DICHLOROETHENE
CHLOROBENZENE

1, 1-DICHLOROETHANE
TRICHLOROETHENE
TETRACHLOROETHENE
BENZENE

TOTAL

OCCUPATIONAL

CONTAMINANT

TRANS 1, 2-DICHLOROETHENE
CHLORCEBENZENE
1,1-DICHLOROETHANE
TRICHLOROETHENE
TETRACHLOROETHENE
BENZENE

TOTAL

WORST CASE MOST PROBABLE CASE
0.055 0.011
0.240 : 0.0094
0.0036 0. 0078
(1) (1)
0.024 0.0044
(1) {1)
0.32261 0.0326
WORST CASE MOST PROBARLE CASE
0.0275 : 0.0055
0.120 0.0047
0.0018 0.0039
(1} {1)
0.0120 0.0022
{1} (1)
0.1613 0.01613

(1) THE HAZARD INDEX CANNOT BE CALCULATED SINCE AN ACCEPTABLE DOSE HAS

NOT BEEN ESTABLISHED.
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TABLE 8 -- SUMMARY OF EXPOSURE RISKS FOR ADULTS INGESTION OF
VOC-CONTAMINATED GROUND WATER MISSOURI ELECTRIC WORKS SITE

FUTURE USE -- INCREASED CANCER RISK

RESIDENTIAL

CONTAMINANT WORST CASE MOST PROBABLE CASE
TRANS 1, 2-DICHLORCETHENE (1} (1)
CHLOROBENZENE (1} (1}

1, 1-DICHLOROETHANE 2 X {10-5) 4 X (10-6}
TRICHLOROETHENE 2 X (10-6) 4 X {10-7})
TETRACHLOROETHENE 7 X (10-6} 1 X {(10-5)
BENZENE 2 X (10-6) 9 X (10-7})
TOTAL 3 X {10-5) 6 X (10-6)
OCCUPATIONAL

CONTAMINANT WORST CASE MOST PROBABLE CASE
TRANS 1,2-DICHLOROETHENE4 (1) (1)
CHLOROBENZENE {1) {1}

1, 1-DICHLOROETHANE 7 X {10-6) 1 X (10-8)
TRICHLOROETHENE 8 X {(10-7 1 X (10-7)
TETRACHLORQETHENE 3 X {(10-6) 5 X (10-7)
BENZENE 7 X (10-7} 3 X {10-7)
TOTAL 1 X {lo-5) 2 X (10-6)

(1} INCREMENTAL RISK CANNOT BE CALCULATED SINCE A CARCINOGENIC POTENCY

FACTOR 15 NOT ESTABLISHED.
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TABLE 9 -- SUMMARY OF EXPOSURE RISKS FOR CHILDREN INGESTION OF
VOC-CONTAMINATED GROUND WATER MISSOURI ELECTRIC WORKS SITE

FUTURE USE -- HAZARD INDEX

RESIDENTIAL

CONTAMINANT WORST CASE MOST PROBABLE
CASE

TRANS 1, 2-DICHLOROETHENE 0.175 ‘ 0.0345
CHLCROBENZENE 0.750 0.0295%

1, 1-DICHLOROETHANE 0.011 0.0025
TRICHLOROETHENE (1} (1}
TETRACHLOROETHENE 0.076 0.0140

BENZENE (1} (1)

TOTAL 1.012 0.0805

FUTURE USE -- INCREASED CANCER RISK

RESIDENTIAL
CONTAMINANT WORST CASE MOST PROBABLE CASE
TRANS 1,2-DICHLOROETHENE (2) {2)
CHLOROBENZENE (2) (2}

1, 1-DICHLOROETHANE g X (10-6} 2 X (10-6)
TRICHLOROETHENE 1 X (10-6} 2 X (10-7)
TETRACHLOROETHENE 3 X (10-6} 6 X (10-7)
BENZENE 6 X (10-6) 3 X (10-6)
TOTAL 2 X {10-5} 6 X (10-6)

{1} THE HAZARD INDEX CANNCT BE CALCULATED SINCE AN ACCEPTABLE DOSE HAS
NQOT BEEN ESTABLISHED.

(2) INCREMENTAL RISK CANNOT BE CALCULATED SINCE A CARCINOGENIC POTENCY
FACTOR IS NOT ESTABLISHED.
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MEW Site File
KOMEX 3DISC104345
TABLE B.1
POTENTIAL CHEMICAL SPECIFIC ARARS AND TBCS
MISSOURI ELECTRIC WORKS (MEW) SITE
Authority Requirement Status Requirement Synopsis Consideration in the F$
Federal Safe =Drinking Water Act (SDWA)- Applicable MCLs have been promulgated for o MCLs are used to determine
Regulatory Maoximum Contaminant Levels number of common organic and TCLs for groundwater.
Requirement {MCLs) {40 CFR § 141,11-141.14}, inorganic contaminanis to regulate the
Revised MCLS (40 CFR § 141.61- concentration of contaminants in public
141,62} and non-zero Maximum drinking water supplys systems. MCLS
Confaminant Level Goals (MCLCs} are applicable for Site groundwater
(40 CFR § 141,50-141.51) because groundwater in the Site vicinity
is a potentiol drinking water supply.
National Ambient Water Quality Relevant and | NAWQC and water gavlity standards Although the NAWQC are

i

Criteria (NAWQC]) (33 U.S.C. §
1314{a} and 42 U.S.C. § 9621(d}{2)
and Water Quality Standards {40
CFR § 131.36(b) and 131.38)

Appropriate

are standards infended to protect
human health and aquatic life from
contamination in surface water.

nonenforceable guidelines,
they may be potentially
relevant and oppropriate for
groundwater in the absence oJ!I
promuigated MCLs or MCLGs.
Water quality standards are
relevant and appropriate in
the case that groundwaoter at
the Site has the potential to
discharge to surface water or
where the discharge
altemative for frected
groundwater is disposal to
surface water.

Poge 1 of 3
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TABLE B.1

POTENTIAL CHEMICAL SPECIFIC ARARS AND TBCS

MISSOURI ELECTRIC WORKS {MEW) SITE

Authorlty Requirement Status Requirement Synopsis Considerationin the F$
State Regulatory Missouri Water Quality Standards Applicable Identifies beneficail uses of waters of Applicable to all waters of the
Requirements {10 CSR 20-7.031} the state, criteria to protect those uses state

and defines the antidegradation policy.

Public Drinking Water Program Applicable State MCLs have been promulgated for | State MCLs are employed to
Maximum Volgtile Organic a number of common organic develop Site TCLs for
Chemical Contaminant Levels and contaminants to regulate the groundwater where they are
Monitoring Requirements {10 CSR concentration of contominants in publici  stricter than Federal standards,
60-4,100) drinking water supplys systems, The

regulations are generally equivalent to
the Federal SDWA MCLs. State MCLs are
applicable for Site groundwater
because groundwater in the Site vicinity
is a potential drinking water supply.

Cleanupup Levels for Missouri Relevant and | Establishes conservatively-derived, risk Although the GTARC are
(CALM}-Appendix B (Tier 1 Soiland | Appropriate based Groundwater Target nonenforceable guideiines,
Groundwater Cleanup Stanadrds) Concentrations (GTARC) for remediation] they may be potentially
of voluntary cleanup sites in Missouri. relevant and appropriate for
groundwater in the absence o
promulgated MCLs or MCLGs.
Page 2 of 3
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KOMEX MEW Site File
3DISC104347
TABLE B.1
POTENTIAL CHEMICAL SPECIFIC ARARS AND TBCS
MISSOURI ELECTRIC WORKS (MEW) SITE
Authority Requirement Slatus Requirement Synopsis Consideration in the FS
Guidance LLS Environmental Protection To Be RfDs are dose levels developed by RfDs are used to evaluote
Agency [USEPA) Risk Reterence Considered USEPA for evaluating incremental human health risks from
Doses {RDs) human carcinogenic fisk from exposure exposure 1o non-carcinogenic
to carcinogens Site contaminants.
USEPA Human Health Assessment To Be CSFs are developed by USEPA for C5Fs are used to evaivate
Cancer Slope Factors Considered evaluating incremental human cancer risk resulting from
carcinogenic risk from exposure to exposure to carcinogenic Site
carcinogens COCs.
USEPA Heatth Advisories, Human To Be These guidance documents and These guidance documents
Health Risk Assessment Guidance Considered advisories establish critetia and provide | and advisoties are used to
and Ecological Risk Assessment guidelines for evaiuating human health | evaluate human health and
Guidance and ecological risk at CERCLA sites. ecological risk due to Site
COCs.
Page 3of 3
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TABLE B.2
POTENTIAL LOCATION SPECIFIC ARARS AND TBCS
MISSOURI ELECTRIC WORKS (MEW) SITE
Authority Requirement Status Requirement Synopsis Consideration In the F$§
Fedearal Protection of Wetlands {Execut-ive Applicable Requires federal agencies to minimize The W.S. Army Corps of
Requlatory Order 11990), 40 CFR Part 6, App A the destruction, loss, or degradation of Engineers has identified o
Requirement {Policy on Implementing E.O. wellands; preserve and enhance the jursdictional wetland
11990} natural and beneficial value of downgradient of the Site
wetlands: and avoid support of new
construction in wetlands if a practiable
alternative exists,
Floodplain Monagement Applicable Requires federal agencies to evaluate The potentiol effects on the
{Executive Order 11988, 40 CFR the potential effects of action they may| the Cape La Croix will be
6.302{b} and 40 CFR Part 6, App A take in floodplain to avoid, fo the extentl considered during the
(Policy on Implementing E.O. possible, adverse effects associated development and evaluation
11988) with direct and indirect development of| of remedial alternatives. All
a floodplain. practicable measures will be
taken to limit adverse effects
on floodplains.
Resource Corservation and Applicable A hazardous waste facility located ina if remedial altermnatives are
Recovery Act {RCRA} Floodpiain 100-year floodplain must be designed, developed, which include
Restriction for Hazardous Waste constructed, operated and maintained | hazordous waste facilities in
Facilities ($) CFR 264.18[b)) to prevent washout of any hazardous the floddplain at the Site, then
waste by a 100-year flood, unless the the facilities need to comply
owner or operator can demonstrate with these requirements.
that procedures are in effect that will
cause the waste to be removed safely,
before fioodcan reach the facility

Page 1 of 2
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TABLE B.2

POTENTIAL LOCATION SPECIFIC ARARS AND TBCS
MISSOURI ELECTRIC WORKS (MEW) SITE

Authority Requirement Status Requirement Synopsis Consideration in the F§
‘State Regulatory| Protection of Lakes and Stream - Applicable Promulgates rules to protect quality of Chemical specific ARARs are
Requirements Missouri Water Quality $tandards lakes and streams. Beneficial uses of listed in Table B.1.
{10 CSR 20-7.031) Cape La Croix Creek is designated gs

livestock & wildlife watering and
protection of warnm water and aguatic
iife and human healith-fish consumption,

Poge 2 of 2
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TABLE B.3
POTENTIAL ACTION SPECIFIC ARARS AND TBCS
MISSOURI ELECTRIC WORKS (MEW) SITE
Authority Requirement Status Requirement Synopsis Consideration in the F$
Federal Natfional Pollutant Discharge Applicable Requires permits for the discharge of Remedial altarnatives which
Regulatory Elimination Ssytem (NPDES) {40 CFR poliutants from any point sources into would discharge a pollutant
Requirerment Part 122, 125} waters of the United Siotes. The Act into surface waters would
defines a point source as any enter into the NPDES regulatory
discernable, confined, or discrete framework. A permit is not
convayance from which poliuiants are required for on-site CERCLA
or may be discharged. Effluent response action, but the
limitations must protect beneficial uses substantive requirements
of water. would apply.
National Primary and Secondary Applicable Establishes Nation Ambient Air Guality Primcry stondard applicable
Ambient Air Quality (40 CFR Part Standards [NAAQS) for ombient air fo for any altemative emmiting
50) protect public health and welfare. regulated pollutants.
National Emission Standards for Applicable Sets National Emissions Standards for Pollutants with standards are
Hazardous Air Pollutants Hazardous Air Pollutants (NESHAP) for present ot the Site, If air
designated hazardous poliutants, stripping Is used standards may
including benzene, come into effect,
Federal Standards of Performance for New | Applicable Sets new source performance standards |  If aiternative involve discharge
Regulatory Stationary Sources {40 CFR Part 60} {NSPs) for emissions from new and to POTW, it will be applicable,
Requirement modified sources. The standords reflect
the degree of emission reduction
achieavable through demonstrated
best technology. considering costs and
a number of other factors.

Page 1 of 2
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TABLE B.3

POTENTIAL ACTION SPECIFIC ARARS AND TBCS
MISSOUR! ELECTRIC WORKS (MEW) SITE

Authority Requirement Status Requirement Synopsis Consideration in the FS
Federal Standards Applicable o Applicable Establishes standrads which apply to If alternative involves off-site
Regulatory Transporters of Hazardous Waste persons transporting hazardous waste fransportation of hazardous
Requirement (40 CFR Part 263) within the US if the transportation materials,

requires a manifest under 40 CFR Part
262,
|9
Page 2of 2
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C VOLUME ESTIMATE CALCULATIONS

The volume of impacted water within the source areas has been calculated as the volume of
water within the loess plus the volume of water within the fractures of the weathered limestone:

V= (A.b,m,.n,m )+ (A‘bﬂ.pn .a,f)

where, V= volume of impacted water in source zone - ft* (m?)
A= areal extent of source zone - {2 (m?)
bioess = saturated thickness of loess in source area — ft (m)
Tucess = porosity of loess (dimensionless)
b = saturated thickness of weathered limestone — ft (m)

Pz = total fracture intensity (total surface area fractures per unit vol. of rock) — ft2/ft3

(m#/m?)
ae = effective fracture aperture ~ ft (m)

Two source areas have been modeled: Area 1- the source of chlorobenzenes and benzene in the
south eastern corner of the site; and Area 2-the source of PCE and TCE in the centre of the site.
The parameter values and estimated volumes are given in Table C.1 below.
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Table C.1: Yolume Calculations

Parameter Area 1 Area 2 Justification

Areal extent 14,800 ft2 13.993 fi2 Modeled areas in groundwater

(A} (1375 m2?) {1300 m2) model

Saturated thickness of Average thickness from

loess 3‘6]’0[:) (3 fg rf:ﬂ groundwater model results

Ibloess} ’ )

Porosity of loess Best estimate from literature sources

(Nioess) 0.15 0.15 {referenced in groundwater model
report)

Saturated thickness of 45.9 # 426 ff Average thickness frorm

weathered limestone : Ny groundwater model resulls

D) {14 m) {(13m)

Total fracture intensity of Total fracture intensity for both sets

weathered limestone 0.138 ft2/it3 0.138 fi2/ft2 | of vertical fractures within the

{Ps2) {0.45 mz/m?3) {0.45 m2/m3) | limestone, estimated from fracture
mapping of bedrock exposures

Effective fracture Estimated average fracture

aperture in weathered 0.19 ft 0.19 ft aperture from fracture mapping is

limestone (0 0 6m) (0'0 6 m) 0.4m. Maijority of fractures in

{Clett) ) ’ wedathered bedrock are infilled with
loess, which has 15% porosity.

Volume of impacted 3

groundwater in loess in {72;962;2) ](f?z?mﬂ; Calculated

sOUrce zone

volume of impacted

groundwater in 17,811 f3 15,629 ft2

weathered limestone in {504 ma) {442 M3} Calculated

source zone

Total volume of

impacted groundwater 25,803 ft3 16,657 13

in source area (731 m3) {472 m3) Calcvlated

(V]
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MEW Site File
3DISC104357
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Fractured Bedrock And ARuvium Groundwater Remediation Feasibifty Study MEW SUPERFUND SITE
NET PRESENT VALUES OF REMEDIAL COSTS

ALTERNATIVE FB-2

MEW Site Fjje
Infiction Rote 3.0% 3DISC104 358
Intfial Discount Rate 5.0%
Discount Rote (Year 14 Through Year 30) 4.0%
Yeorly Cost Net Present Value
Yeor Yearly Cost Whh Infigtion Ot Yeanly Infikaled Cost Cyrmulaiive
Af Rate Shown Al Bond Rate Shown Net Present Yalue

1 $180.497 $185.912 $177.059 $177.05%

2 $155.71% $145,202 $149.84 $324.902

3 $155719 $170.158 $144.989 $473.6N

4 $75074 $84,494 $69.515 $543,407

5 $99.852 $115,754 %$90.498 $4634,105

[} $75.074 389,642 $466,892 $700,997

7 $75,074 $92.332 $45,418 $746,615

8 $75,074 395,100 $64,348 $830,984

9 $75.074 $97.955 $43,142 $694,124

10 399,852 $134,193 $82,383 $976.509

11 $75,074 $103.920 $40,740 $1.037.269

12 $75.074 $107.038 $59.603 $1.096,871

13 $75.074 3110249 $58.467 $1.155,33%

14 $75.074 $113,55¢6 $57.354 $1,212,692

15 $99.852 $155,566 $74,830 $1,287,522

14 375074 $120,472 364,321 $1,351,843

17 $75074 $124,086 $43,702 $1.415,545

18 $75.074 $127,808 $63,090 $1.478,635

19 $75.074 $131,643 $62.483 $1,541.118

20 $99.852 $180,344 382,307 $1,623,425

21 $75.074 $132,680 $41.287 $1.684,712

22 $75.074 $143,850 $60,698 $1.745,410

23 $75,074 $146,165 $40,114 $1,805,525

24 $75.074 $152.610 359,536 $1.865,061

25 $99.852 $200.068 $78,425 $1.943.484

26 $75.074 $141,904 $58,3¢97 $2.001,883

27 $75.074 $164,76) $57.835 $2.059.719

28 $75.074 $171,764 $57.279 $2.114,998

29 $75,074 3176917 $56.729 32,173,727

30 $99.852 $242,257 $74.72% $2.,248,453

TOTALS §2,647.601 54,218,494 52,248 453
KOMEX
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Projee] Keoma: MEW Superund e
Foighen: MEW 41805

Projere? 0 MEW 01803 - FbZ

Ske Nomme: MEW 041805 - FB

e Type: Hona

A 1 MEW O4TH05 - B2

Fhoes Emmant Noma: FB-2 Remadial Acton
Phoie Bemant Typa: kemedal Aclion
tobor Roke Group: Sytlem Labor Rals
Anotyslhs Role Group: Syslem Anohak Role
Appioach: inSu

Sor Dale: 41/7X05

ineation, T LOUR. MISOUN

Medio ! Waita Type: Sloundwole

Secondory Medio / Waotls Type: Hik

Contaminant Voloke Crganic Compaundl IVOCs)
Secondory Contaminont: None

Markup Templols: Syslem Defoutls

MEW SUPERFUND SITE - REMEDIAL COST ESTIMATE (FEASIBILITY STUDY LEVEL)

MEW Site File
3DISC104359
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Froctured Badvock Anc Alvivm Groundwoaler Remediation Feasbillly Shedy MEW SUPERFUND SITE - REMEDIAL COST ESTWAATE (FEASIBILITY STUDY LEVEL)

MEW Site File
3DISC104360

Jearda | Yeards | Yewld Tew!? | Tearld | Yowr)t YewD earll Yewil YemDd Tearl  ealf Teel | Tewd tewd YR Yead ]

e . Tota TECHHOLOGY NAME
8 o8 020 2081 0 203 2034 208 024 27 0 2024 2000 03 208 23 200
$24.778 24778 124778 S24778 | $17344d | Per-Yoor Review
N $7.006 3789 Ve STO% WA 5% STeM Vs % I $7.6%6 3700 e WEn .09 | $304082 . ik & Ior ooiloring
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$75.0Te__ SINASY  WBGTA_ GTROTA_ STEATA_ WINOTA MMM WS04 WISOTA  BMAO7A QLA MWRANZ  STBOPA_ STSOTA WG4 WT6OTA NVAST | 33047400 | TOTALL
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MEW Site File
Fractured Bedrock And Alluvlum Groundwater Remediation Feasibiilty Study 3DI SC104361 MEW SUPERFUND SITE
NET PRESENT VALUES OF REMEDIAL COSTS
ALTERNATIVE AL-2
Infigtion Rate 3.0%
Infflal Discount Rate 50%
Discount Rate (Year 14 Thwough Yeor 30) 4.0%
Yeorty Cost Net Present Value
Year Yeorly Cost Whh Inflotion Of Yecaly Infialad Cost Cumwialive
At Rate Shown At Bond Rate Shown Net Present Value
1 $122.102 $125,765 $119.774 $119.776
2 $97.324 $103,25) $93.652 $213,428
3 $97.324 $106,349 $91.858 $305,296
4 $46.922 $52.811 $43,448 $348,744
5 $71.700 383,120 $65,127 $413.870
& $46,922 $56.027 $41.808 $455.479
7 $46,922 $57.708 $41,012 $496,491
a $44.922 $59.439 340,231 $536,922
2 $46,922 $61,223 $39,445 $574,304
10 $71,700 $96,35% $59.156 $635,542
1 346,922 $64,951 $37.974 $673.518
12 $46,922 $44,900 $37,252 $710,770
13 $44,922 $68.907 $36,543 $747.313
14 $44,922 $70.974 $35,847 $783,15%
15 $71,700 $111,706 $53.733 $636,892
i $46,922 $75.296 $40,201 $877,093
17 $46,922 $77,555 $39.815 $916,908
18 $46,922 $79.882 $39.432 $954.339
19 $44.922 $82.278 $39.053 $995.392
N0 $71.700 $129.498 $59.101 $1,054,493
21 $46.922 $87.289 338,305 $1,092.799
22 $46.922 $8%.907 $37.937 $1,130.734
23 $46.922 $92.405 $37.572 $1.148,308
24 $46.922 $95.383 $37.21) $1,205.51%
25 $71.700 $150,124 356,314 $1.261,832
26 $46,922 $101,192 $34.499 $1.298,33
27 $46.922 $104,227 $36,148 $1,334,479
28 $46,922 $107,354 $35.800 $1.370.279
2% $44.922 $110,575 $35,454 $1.405,735
30 $71.700 $174,035 $53,458 $1,459,393
TOTALS $1,732,312 52,742,488 51,459,393
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AL-2 NPV 051305.xls 1 USA, CANADA, UK AND WORLDWIDE



MEW Site File
Frockred Bsdiock And Alluvivm Groundwater Remedialion Hearblity Sudy 3 DIsclo4 3 6 2 MEW SUPERFUND SIVE - REMEDIAL COST ESTWMATE {FEASIBILITY STUDY LEVEL)
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Pioacl i MDY J4I008- AL2 Maodic 7 Waste Type: Gratnchwiler
Sibe Homuo: MEW Q41803 - ALZ Secondory Wedio | Warke Trpe: Ni&
Sle Typs: Hona Cenlominani: Volake Orgonic Compounds [VOCH)
Sl 0 MACY Qa 1805 - ALZ Secondory Confominard: Mo
Phata Bamant Home: AL-2 Remedial Action Horkup Templale: Sythem Datoully
Phate Elamant Type: Reracial Aclion
Labex Rals Groun: Syslen Lapor Rate
Anchyis Rote Group: Syslem Anolyls Rote
Appood InSity
Sioit Dale: 4152005
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MEW Site File
3DISC104363

MEW SUPERFUND SITE - REMEDIAL COST ESTMATE (FEASIBLITY STUDY LEVEL}
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Fractured Bedrock And Alluvium Groundwater Remediation Feasibifity Study MEW SUPERFUND SITE
NET PRESENT VALUES OF REMEDIAL COSTS
ALTERNATIVE AL-3 MEwW Site File
infiafion Rate 3.0% 301561043 64
Initiol Discount Rate 5.0%
Discount Rate (Year 16 Through Year 30} 4,00
Yeorly Cost Net Present Yalue
Yeor Yearty Cost With Infiation Of Yearly Inflated Cost Cumuiative
At Rote Shown At Bond Rate Shown Net Present Value
1 $952,800 $981.384 $934.651 $934,651
2 $412,165 $437.266 $396,613 $1.331,264
3 $405,837 440,469 $382.085 $1.714,350
4 $272,259 $304.430 $252.101 $1.9656,450
3 $271,083 $314.259 $245,231 $2,212.681
[ $295,174 $352,453 $263.004 $2,475,6687
7 $269,944 $331,997 $235,944 $2,711.631
8 $249,524 $341,552 $231,176 $2.942.807
¢ $249,385 $351,486 $226,571 $3.169.378
10 $249,200 $361,782 $222,10 $3,371.481
11 $293.830 $406,729 $237,808 $3,629.287
12 $268,932 $383,433 $213.510 $3.842.797
13 $268,831 3394787 $209,364 $4,052,16)
14 $248,747 $406,504 $205.312 34,257,473
15 $268.4674 $418,585 $201,247 $4.458,820
16 $293,389 $470.803 $251,366 $4.710,185
17 $248,556 $443,882 $227.877 $4.938.063
18 $248,508 $457.117 $225,646 $5,163,708
19 $248,485 $470,755 $223,440 $5.367,149
20 $268,427 $484,809 $221,281 $5.608,409
21 $934,903 $1.739.195 37637 $6.371,626
22 $248,361 $514,207 $216973 $4,588,599
23 $2460.332 $529.576 $214.863 $4,803,462
24 $248.304 $545.411 $212,774 $7.016,23%
$2468,283 $561.725 $210,712 $7.226,951
24 $293,03% $631.965 $227,943 $7.454,894
27 $268,241 $5%5,841 $206,647 $7.661,542
28 $268,222 $413,673 $204,644 $7.866,188
29 $268.205 $632.043 $202.465 $8.068,853
30 $292,967 $711,108 $219,248 $8,288,101
TOTALS $9,822 689 $15,634,228 $8.268,11
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Fractured Sedtock And Aluvium Groundwatar Remedialion Feasibillly Sudy MEW Site File MEW SUPERFUND SITE

3DISC104365 REMEDIAL COST ESTIMATE (FEASIBILTY STUDY LEVEL)

Projeci Nome: MEW Superind she Localton:; $TLOVIS, MIBSOUR

Folder: MEW Revited 072004

Fraject I0: MEW Suparhund Site Modia / Woshe Type: Groundwaier
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Labor Rabke Group: Systen Lobar Rale

Analysks Rale Group: Sysism Analysk Rate
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DENIGM Crasign 351009
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Exraciian Well Trenching & Piping $10.345
Corbon Adsorption [Uquid) System 306,185
CONSTRUCTION [CAPITAL COST) WT P?Jmc:ffcr"m ::;j:
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Micaianeow Jupport Cotly $45.500 | $20.584 | $20.586 | $20.584 | $586 | 320584 | 320584 | $20.586 | ¥20sms | 520585 | 30588 | $XM.584 | $20.504
TREATMENT STSTEM OPERATION & MAINTEHANCE (GLM) Grovmdwoier Exfrochion Wels $12033 | $12033 | $1205) | $12033 | 912000 | $12033 | $12.003 | $12033 | $1202 | $1200 | $1203) | 91203 | $12033
Carbon Adioiphion [Liguid) System $IB14 | $MAA) | JT00NT | 325782 | 324406 | $IIND | $20.447 | 423,147 | $22508 | $22.723 | $20.575 | $22455 | $22,054
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' TOIAS] $v52.000 | $412.145 | 5406037 | 5072,29% | 571,008 | 5296074 | Saavva4 | $24v.42e | azev.ae8 | 5209200 | s2eamn0 | S248.992 | S200.801

Molex

1. SYoor reviews wil be conducied evary § yeon siriing n Yed 1 (2005] of fhe Remedal Action.

2 mmmmmhmumummwmwbmtmmmvmdmm |re-boukd b oo in vaor 21).

3 G o 10 will e by jor tha first Three years [2005 iwough 2007] and than anrwally offer thal jor five jemoinder of the Remw—diol Action.

4, ‘lloalmonl.wﬂ.moml\cmﬂeﬂ\slolloplochowsmmomnhmmmwlbﬂhMmMWf%unﬂu{mYﬂm

5. Dischargs ta e POTW inchedes o dbposol cost of 33.14 per 1,000 gollons.

&, All cozts waie developed ubing RACER 2000 sofh |Remadial Acflon Cosl Engl with 2003 Envir Coxl Handiing Options & Solulions [ECHOS) cest leublshad by the R.3, Maons Companyl}.
7. thwmmﬂdaﬂmmmlwmmthmdmmomwMWImmmhmmeﬂwmm

ROMEX
ALS {NACER} 0313055} USAL CANADA, 1K AND WORIDWIDE



Fractured Badiock And Alluvium Groyndwater Remediaion Feasibitly Study MEW Site File MEW SUPERFUND SITE

3DISC104366 REMEDIAL COST ESTIMATE (FEASIBILITY STUDY LEVEL)

Yearld | Yaw1$ | Yaawrla | Yeor1? | Yeor 10 | Year1? | Year 20 | Toar21 | Yo | Yo DD | Yeor2d | Yeor2S | Yeor2é | YewdT | Yeardd | Yeordt | Taar 0 Totats TECHNOLOGY NAME
018 200y 2020 a0 -+ 00 2024 ol e 207 e 20T 2050 2031 Foard 2083 2004
$24778 $24.778 $24.778 S24778 | 3173444 | Fve-Tack Review

$51.400 $102004 | Dwiign
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$64.184 3132372 | Cobon Adsorpiion (Liquid) System
32152 $43.046 | Dbch Te POTW C;
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$3.454 $6312 | Padmater Fancing
$2826 35,457 Resichuol Waste Manogement
$154.8907 $XW514 | P i Labor Manag ]

- $12831 | 12830 | $12830 | 12833 | J12E3F | 312607 | Fi2A30 | 340221 | 312831 | 512830 | 1280 | §1280 | $1283]1 | 312831 | $1283) | $12.890 | 51283 | 50490 | Equip ik, & Anolytical For Gi i K
$109, 185 | $109,165 | $107.145 | 5109165 | $10%. 145 | $108.15 | $109.145 | $200820 | $109,145 | $109.065 | 5100165 | $109,145 | 5109165 | 3109155 | $109,145 | $109,145 | $109.145 | 30650578 | Labor For Croundveaier MonBoing
$20.584 | 520596 | $20.584 | $20.586 | 3596 | 20506 | S20.504 | $45500 | 320,504 | $20.90¢ | $20.5684 | 320904 | 320584 | $20.904 | $20.584 | $:.586 | 320,904 | 4467548 | Wecetoness Support Coshh
$12033 | $12033 | $92083 | $12033 | $12033 | $)2033 | $12003 | 322033 | $32033 | 302033 | $1203% | $1203) | $12030 | $12033 | $12.033 | 312003 | $1203) | $360990 | Groundwater Exkoction wels
422270 | 322,197 | $22034 | 322070 | $22031 | $21988 | $21950 | 321915 | 21884 | 421855 | $20.82% | 520805 | $21.784 | 320744 | 321745 | $21.72 | 21,712 | $709375 | Corbon Adworption {Liguid) Sysiem
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STHTAT | 250,474 | STEBMY | S240.554 | $240.500 | 3248445 | 520427 | SYA000 | S240.381 | $260.332 | 4248305 | S260.283 | $292,001 | $260.347 | $240.222 | 5260008 | $272.%4T | Se.021400 | TOTALR
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Fractured Bedrock And Alluvium Groundwater Remedlation Feasiblilty Study MEW SUPERFUND SITE
NET PRESENT VALUES OF REMEDIAL COSTS
ALTERNATIVE AL-4 MEW Site File
Infiafion Rate 30% 30156104367
Inftiol Discount Rate 5.0%
Discount Rate {Year 14 Through Yeor 30} 4.0%
Yearly Cost Net Present Value
Yeor Yearly Cost With inflofion Of Yearly Infialed Cost Cunwiative
At Rale Shown At Bond Rate $hown Net Present Value
1 $611.272 $629,610 $599.629 $599.629
2 $327,174 $347,099 $314,829 $914,458
3 $327,174 $357,512 $308.832 $1,223,290
4 $121,995 $137,306 $112.962 $1,334,252
5 $220,904 $256,080 $200.652 $1.534,904
& $121.995 $145,668 $108,700 $1.645,404
7 $196,126 $241,210 $171.424 $1.817.028
8 $121,995 $154,540 $104,598 $1.921,626
9 $196.126 $255,900 $154,955 $2.084,582
10 $146,773 $197,251 $121,095 $2,207.676
1 $196,126 $271,484 $158,73) $2,366,408
12 $121,995 $173.93% $96.854 $2,463,242
132 $196,126 $288,018 $152.742 $2.616,003
14 $121,995 $184,528 $93,199 $2.709,203
15 $220,904 $344,161 $165,547 $2.874,750
14 $121.995 $195.766 $104,52) $2.979.271
17 $196,126 $324,186 $166,418 $3,145,690
18 $121,995 $207,488 $102,52 $3.248.211
19 $196,126 $343,908 $163.2% $3.411,444
20 $146,773 $265,088 $120,983 $3,532,427
21 $194.12¢ $364,852 $160,109 $3,692.536
22 $121,995 $233.755 $98.634 $3.791,170
23 $196,126 $387.072 $157,045 $3.948,214
24 $121,995 $247.991 $96.747 $4,044,942
25 $220,904 $442.524 $173,500 $4,218,463
26 $121.995 $243,093 $94,895 $4.313,357
27 $196,126 $435,853 $151,012 $4.464,449
28 $121,995 $279.116 $93,079 $4,557,528
2 $196,126 $4562,184 $148,200 $4.705,728
30 $146,773 $356,257 $109.841 54,815,548
TOTALS $5,671,856 $8,813,425 $4.815.548
KOMEX

Al-4 NPV 051305.xis

USA, CANADA, UK AND WORLDWIDE



Frajoc! Name: MEW Supsrfund Sie
Foicler. WEW 41803

Proiect ID: MEW 041805 - ALL

Hie Home: MEW 041805 - AL4

Sle Typw: Hone

Sle iD: MEN DAIB0S - ALd

hose Emanl Homa: AL-4 Finvclol Setion
Mhcrsn Bamend Type: Rarmediol Ackion
Labor Role Group: $yvlem Labor Rote
ANk Rale Grougs Tytern Andlysi Rale
Approgch; In Sty

o Doks: 4/1/2005

diaion FeasibAlly Study AEW SUPERFUND SITE - REMEDIAL COST ESTIMATE (FEASIBILITY STUDY LEVEL)

MEW Site File
3DISC104368

locolion: 5T LOWMI, MIESOWE

Maia / Works Type: Grounawaler
Sacondary Medla / Watle Type: WA
Conlaminanl: Vokalile Ongonkc Compalndt [VOCE)

Secondary
Workup Templals: MomDoIml:

T 1 Yoorl Yoard Yaord Teots Temd Youe ? Tl § Your # Yoem 10 Yemr ) Your )X
paase TECHNOLOGT NAME " TaeesT 2o 3007 e e e i1 012 w3 Wia 06 i
STROY Frvo-fivon Review RATTS 53470 $24.77
DENGN Covgn F20.400
InSlodegmdaiion Rolwrcted tone) | Wasa7 —_ e -
CONSTRUCTION {CASTIAL COMT) _Reticcl Wonte bacnogemen! — s w— e
Profemional Lober #1850
ONTORNG | Eoupmenl Maledas & Anchfical For Groundwaler Monilaing | $#.31 S22 ARz SIZ80 2N SI2AN  SI2H0  SI2M0  $I2A0  §12830 $124% SI2AW  S126M 312600
Lakar For Grauncwakes Monittng VIOAZY  jANAZ | SADED 40R165 $KRI4S  HIMS SIRIAS  BIORIes  SIONIES  §IMIAS SIPIES  AIORIAS  SIRM4S  RORILS
HEC INNCWON WRC Injeciion 4100 I G418 V4,13 374,131 74101 2D 4190
TOTALS| WILT  SHNITe D07 SN SHOTe SIS 31,13 SMLTH SININ IWMIT SINAN Nnms NG Snens
[

1. &Ywmﬂmmamswsmhfmom of Hwe Remaciol AcBon,

% owil sy bexr chuwation of Ihve Remecion Action,

3. Moot wane v RACER Mciion Cod Q3 Recuin wih 20003 Cosl w&mmmmmwhumwk
4rlcﬂodbnwlmlarmolyluhmuhmmhr\ mmmwmhhmmmw“kmnmum the (Cagilal Coul) ks

§. Covtsare y shucky vl fitw Dodoct ol sysiem and final budgel corls e subject o design and sub d delciied col Hviewl.

AL-4 (RACEN) 851205 iy

KOEX
! LA, CANADA, UK AND WsnDwCE



Hractured bedrock And h d Faasibiity Shudy MEW SUPERFUND SITE - REMEDIAL COST ESTIMATE {FEASIBILITY STUDY LEVEL)

MEW site File
3DISC104369

_Tearts _Jemlt  extn | Yewdll | Yeaz  YewD  Vemd _ Yewdh | Tead TeaW TewM  Yew#  Tead [, MCHHOLOGY NAME
oLl xn 1034 035 W xar 2000 w1 . ol e ] 05
$24.778 $24.778 $34.778 $24.778 $170, k5 Fhv-Tcr Revdgw
400 Cuiign
e e e N e $raapag n Sy s ciatlon [saturated lons
L o 1% Redaual
. e e — o et e m e JR—— ey o
_WIZBIO S12Am  M2A0 M2 §12e0 200 M28x Szaan $12a0 $1280 280 $z2e0 $izam iex 260 $128M 4073 Ecu . & Anctyh nitodng
BORISE  JI0R145  BIORIES  FIORIAS  HIORIS  BI0RI4S  BIORISS  SIORIES 0PG4S BIORIED  BIRMS  HI0RIS  HI0RI43  SIDRIES  HIORIG  §10R45 | $355A9H | Labar For Groundiwolar Monilaing
574,131 $74.131 $74.)31 $74,131 $74.131 24131 57413 £74,131 $1.085,006 | HRC injection
F20. 904 SIEEAPS  SIMLIE TILHS SINEN ST S1RLIL SN SIMLIME SIS £270.704 NS AN NNLS O RNIN NALITE | MSITIAR | TOTALS

KOMEX
A4 (RACET) 851306.xk 2 LA, CANADA AN AND WORLDWIDE



MEW Site File MEW SUPERFUND SITE

Fractured Bedrock And Alluvium Groundwater Remediation Feasibility Study
3DISCI04370  NET PRESENT VALVES OF REMEDIAL COSTS

ALTERNATIVE AL-5
Inflaion Rate 0%
Iniiol Discount Rate 5.0%
Discount Rate (Year 1§ Through Year 30} 4.0%
Yeory Cost Net Present Valve
Year Yearly Cost Wih inflalion Of Yeady Infloted Cost Cumulative
Al Rate Shown At Bond Rate Shown Net Present Valuve
1 $303,125 212219 $297.30 $297,351
2 $278.347 $295.298 $267.844 $565,195
3 $278,347 $304,157 $242,742 $827.938
4 $134,194 $151,03% $124,260 $952,198
5 $158.974 $184,294 $144,400 $1.096.597
é $i34,196 $160.237 3119.571 $1.215.16%
7 $134,196 $165.044 $117,294 $1,333,463
8 $134,196 $169.995 $115,080 $1,448.522
ki $134.196 $175.095 $112.068 $1.561,3%0
10 $158,974 $213,648 $131,16) $1.692.551
11 $134,196 $185,759 $108,509 $1.801,161
12 $134,194 $191.30 $104.540 $1.507,701
13 $134,196 $197.071 $104.511 32012212
14 $134,196 $202.983 $102.520 $2,114.733
15 $156,974 $247.676 $119.137 $2.233,66%
14 $134,194 $215.345 $114,975 $2.348.844
17 $134.196 $221,806 $113.849 32,462,713
18 $134,196 $228,460 $112.774 $2.575.487
19 $134,196 $235,313 $111,6%0 $2.687,177
20 $158.974 $2687,125 $131,040 32,818,217
21 $134,196 $249.644 $109.552 $2.927.76%
ps) $134,196 $257.180 $108,4%9 $3.036,268
23 $134,196 $264,847 $107,456 33,143,723
24 $134,196 $272,793 $106,422 33,250,146
25 $158,974 $332.856 $124.860 $3.375.006
26 $134,196 $289.406 $104.386 $3,479,371
27 $134,196 $298.088 $103.382 $3.582,773
28 $134,196 $307.031 $102,388 $3,485,141
29 $134.196 $316,242 $101,403 $3.786.564
30 $158,974 $385,872 $118.971 £3,905,53¢4
TOTALS 54,631,779 57,317,809 $3,905,534
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E HUMAN HEALTH RISK BASED TARGET CLEAN-UP

LEVELS

The Baseline Human Health Risk Assessment (BHHRA) has shown that the incremental lifetime
cancer risk (ILCR) and hazard index (HI} for a future off-Site resident using impacted
groundwater could exceed the EPA acceptable limit of 10+ to 10+ and 1, respectively. Based on
the results of the BHHRA, the chemicals of potential concern (COPCs) that showed a significant
contribution (i.e, a 104 cumulative site cancer risk or an HI of 1 is exceeded) to the risk

associated with a future off-Site resident using impacted groundwater for water supply were
considered chemicals of concern (COCs). A COPC was considered a COC if the individual
carcinogenic risk contribution of the chemical is greater than 10%, and/or the non-carcinogenic

hazard quotient (HQ) for the chemical is greater than 0.1. Chemicals considered COCs are

listed as follows:

Table E.1: ILCR ond HI for Each COC

cocC ILCR coC HQ
Aroclor-1260 D 2x 10?2 Chiorobenzene D 75
Dibenzo(a,h)Anthracene N 7 x 104 1.2.4-Trichlorobenzene (3] 18
Aroclor-1260 D 4 %10+ Aroclor-1254 N 12
N-Nitrosodi-n-propylamine D 3x104 Benzene D 4
Tetrachloroethene ) 3 x 104 Trichloroethene D 7
Bis(2-Chloroethyi} Ether D 2x10+4 Bis(2-ethylhexyl)phthalate N 3
Trichloroethene D 2 x 104 Naphthalense D 1
Benzo{a)pyrene N 2x 104 Hexachloro-1,3-Butadiene | N 0.7
Benzene D 8x105 Hexachlorobenzene N 0.3
Hexachiorobenzene N 6% 105 Nitrobenzene N 0.3
1,4-Dichiorobenzene D 4 %108 Aroclor 1016 N 0.2
Pentachlorophenc! N 3x105 1,4-Dichlorobenzene D 0.2
Chioroform D 3x 105 2.4,6-Trichlorophenol N 0.2
Bis{2-ethylhexyl) phthalate D 2x 105 .1.3-Dichlorobenzene D 0.2
Indeno{1,2.3-cd}Pyrene N 2x105 4,6-Dinitro-2-Methyl Phenot | D 0.1
Benzo[a)anthracene N 1x10% Pentachlorophenol N 0.1
Benzo{bjfluoranthene N 1 x105 1,2-Dichloroethane N 0.1
2,4-Dinitrotoluene N 10x 104 1,3-Dichloropropane N 0.1
Aroclor-1254 N ?x10¢ 2-Chlorophenol D 0.1
Aroclor-1242 N 6x 104 Chloroform D 0.1
Benzolk}flucranthene N 5x10¢
2. 4-Dinitrotoluene N 4x10¢
Aroclor-1016 N 3Ix10¢
Arocior-1248 N 3x10+
Hexachloro-1,3-Butadiene N 2x 10+
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Table E.1: ILCR and HI for Each COC

COC ILCR COC HG
Vinyl Chloride N 2x10¢
3.3-Dichiorobenzidine N 1 x104
Aroclor-1221 N 1 x 104
Aroclor-1232 N }x 10

Notes: N = non-detectable COPC, D = detected COPC

The human health risk based target clean-up levels (TCLs) have been calculated iteratively
using the algorithms, pararneter values, calculated attenuation factors and assumptions
presented in the BHHRA (Komex, 2005¢). To ensure that the calculated TCLs are conservative,
the predicted groundwater concentrations at Hypothetical Well D, worst case exposure
scenario, have been used to calculate the tap water point of exposure (Komex, 2005c).

The human health risk based TCLs have been calculated iteratively using the following process:

1. Selection of the initial set of on-Site groundwater source concentrations using the off-Site
resident hypothetical Well D scenario;

2. Calculation of POE concentrations;

3. Calculation of total ILCR and HI for the off-Site residential receptor for these point of
exposure concentrations; and,

4. Derivation of on-Site groundwater source concentrations for each COC for which the
individual ILCR is less than 10+ and the HQ is less than 0.1 {0.05 was used to ensure the
resulting cumulative HI would be less than 1). This is done using equation 1. Following
additional adjustment of the resulting source concentrations to ensure that the cumulative
ILCR and HI for the Site is within the EPA acceptable range, these concentrations become
the human health risk based TCLs.

EPC, »* t Ri;
1L, = EECar M TR RISk e )
Calc. Risk,,
Where,
TCLeox = Target clean-up level for individual COC (ug/L)
EPCex = Exposure Point Concentrations for individual COC (ug/L)
Target Riskoc = Target risk level for COC - 1 x 10 for ILCR and 0.05 for HQ (unitless)
Calc. Riska: = Calculated risk for individual COC for reasonable maximum exposure
(RME) for hypothetical well D scenario
Appendix E 2 KOMEX
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The human health risk based TCLs are presented below:

Table E.2: Risk Based Target Clean-Up Levels

COC Risk Based Clean-up Level

Units (uvg/L)
1,2,4-Trichlorobenzene 017
1,.2-Dichloroethane 0.22
1,2-Dichlcropropane 0.015
1,3-Dichlorobenzene , 28
1,4-Dichlorobenzene 2.9
2.4,6-Trichlorophenol 0.1
2,4-Dinitrotoluene 0.26
2.6-Dinitrotoluene 0.06
2-Chlorophenol 8.9
3.3-Dichlorobenzidine 0.74
4,46-Dinitro-2-Methyl Phenol 0.18
Aroclor-1016 0.05
Aroclor-1221 0.13
Aroclor-1232 0.13
Aroclor-1242 0.01
Aroclor-1248 0.02
Aroclor-1254 0.0004
Aroclor-1260 0.002
Benzene 0.97
Benzo{a)anthracene 0.05
Benzola)pyrene 0.003
Benzo(b)fluorarthene 0.08
Benzalk]fiucranthene 0.15
Bis{2-Chloroethyl) Ether 0.02
Bis[2-ethylhexyl) phthalate 1.9
Chlorobenzene 2.1
Chioroform 0.4
Dibenzo{a h)Anthrocene 0.0009
Hexachloro-1,3-Butadiene 0.05
Hexachlorobenzene 0.01
Indeno(1.2,3-cd}Pyrene 0.04
Naphthalene 0.3
Nitrobenzene 0.18
N-Nitrosodi-n-propylarnine 0.02
Pentachlorophenol 0.13
Tetrachleroethene 0.02
Trichloroethene 0.17
Vinyl Chioride 0.21

Appendix E KOMEX

USA, CANADA, UK AND WORLDWIDE

LLEYOIOSIQE
4 245 Maw



The calculated risks to the off-Site adult and child resident for these TCLs are summarized in
Table E.3 and presented in Tables E.4 and E.5, respectively. To ensure that the calculated TCLs
are conservative the highest cancer slope factor of 0.4 mg'kg.d has been assumed for
Trichloroethene (Kornex, 2005¢).

Table E.3: Summary of Health Risk to Off-Site Resident Using Human Health Risk
Based TCLs

HI ILCR ILCR summmed for
Child Adult Child Adult child + adult*
0.9 04 3x10% 4 x 105 7x 105

Note: *ICLRs have been calculated for the off-site resident for a 30 year exposure duration,
including 6 years as a child and 24 years as an adult
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Hezard Quciant HR mafod SIS107E-04  PPEIENS 0000264406 0.002679372  ONFAIGE3  1LBMMENS D000XSPATY 007141001 00338111 00405153  D.O0OP44342 0 0002200343 0,003 405404 ¢
Yokl Hoztwd Inclex H mg/kg-d
Ar Iredar Air Vapors from tap woler Concanbrglicn in tap water L9 wfl Q09259 015444 1224 L LU 40.52 027144 014508 3% A9.52 0.19304 110914 0.264 3.544 0.29747 019109 oy 0.1Xa82
Conceniration in tap water <o mg/md QOF25% 015444 12244 1057 60,52 027144 0.14508 4397 052 019304 110914 0.266 3544 0.29747 01707 1 e ] 0.13282
Volaiization facter vE drensioniess B0005 ¥ ¥ Y ¥ ¥ ¥ ¥ ¥ Y ¥ ¥
{onty caiculated for COPC with Herry's Law > Te-5 aim.md/mol. those with a ') POE conceniration LS mofm3 0000045295 Q00007722 0006107 0005485 003026 0Q.00013572  0.00007254 0021995 0.02481 1] 1} 1] ®O01773 o 1] 00001145 &
Irtakation rate " mifr QB3
Exposure time ET hid 24
Enpromone freguency £ oy 350
Exposune duration EC ¥ e
Body waighl BW k9 70
Averogng Tire corcinogens AT, d 25.550
Averaging Tme noncarcinogens ATn, d LR
Averoge intake trem inhakaflon carcinogant e mgfkg-d AINAEDS  TI2453E08 Q000571357 O.0005EINS 0002831057 1.2¢977E05  4.7BGEBEDS 0002057002 0.002321167 Q 1] T O00s58M Q 4 1.071ZEQS 0
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EOMEY
TABLE E.4
RME Colculalions for Advit Resident (HIGH TCE SLOME FACTOR, WELL D)
Missour Electric Wevks, Cope Glardequ
Chemicah of Foternial G ancem
‘ : : :
. : ; i i
¢ : § f o :
T g ¥ % g | B ] i ¢k
~ - - - - " 3 = £ =
[ I O O O O O O O O O O O O I
Expoaums Route Parameter Syl Units e £ & £ b 2 i & Q
Vapour ininusion - inkakafh POE ot Com ugima Q.00E+00 REL ] 0.00E+00 5.00E-D8 2.08E-04 217603 00080 Q.00E+00 S2E08 DRO0EHID 416D 0.00E+00 Q.00E+00 L2OEQ3 AMEDS 1.526+00 FETE05 113602 L0080 A25804 T 48EQ7 1.20E-06
POE caneentration Con mgdm3 Q00E+Q0 JABE-N DOOEHD S.00€-11 2.086-0F 2.V7E08 O00E+H00 0.00E+00 S21E-N1 0.00E+0D ANEL7 0.008+00 QO0EH0 1. 20506 JOJEON 1.526403 2B7E-08 1.136-D5 QU0E+0 225607 74910 1.205-0%
inholqlion rale R mafhr
Exposurn N EY hyd
Expoture frequancy EF dy
Exprure ciurofion EC ¥
Body Lol kg
Averaging time corcinogem Al d
aging Hirne no g Al d
oge irfake o inholak - '} mo/kg-d 0 225581612 0 447709E-12 1946510 203007 N 0 £B74ME12 0 BLS22E-08 o C  VVZAPED7 284415607 DOODI4ZIS  9.23MISEOF 1.057ZEDS 0 04063608 599812611 1226900
nholation Cance: Slopa Foctor Ty, Yg-dimg 400604 4 508D A D051 4.00T00 4000V LI%02 IMEL 30800 A0BEDY 208e-b1 VASEDD S20E02 8, 10ED2 OB 7002 1.AVE00
sk R I e Q.00E+00 1306-12 QODEHD 1.87E-12 77811 554800 Q0BG 0.00E+00 1.506-12 0.00E+00 A A4E-DB Y. 48E-10 A.56E-08 DOOEH0 5.39E-N2 1.ME10
Total e e risk. for eup o LY Iroetion
oge infake from Y nog b maikg-d 0 PARVIE(2 O L3GIBEN  SEFSME0  SP42E07 1] 0 142169810 ¢ LINSEH7 Q 0 327452607 BI2P3SELR 0000414773 2.4932PE-08  3.08351E-04 ¢ BABIPEOR  2O4112E-10 327452610
Inhaalofion Reference Dose RO, mghgo 8.57E09 LAEQ2
Homord Quotient HG mp/kg-d [3. 00 2 D424 94385
Totol Heorwd Inclex H mpgd
Ingetion of lap waker POE concentration Cu ughl 0.1403 0.0%16 DAO5%54 010076 4122 7573 QA5 Q80454 Qe85 0503 5414 G143 10292 254 008274 Fo ] 09188 12148 Q49335 Q.7557 048242 Qe84
POE conceniralion = mgim3 0.1503 s 0.05054 0.1007% 4122 3 0.6503% 040455 GIznas 5313 5614 A1432 109,92 254 Q08274 501,08 047188 12168 Q49335 Q7557 0.45242 067784
" Water ingestion rote ® yd
Expumune ieduancy EF diy
Enpoaune chunaion ED ¥
Body weight o kg
Avaroging fime carcinogens Al d
Averoging fims non-carcinogens Alny o
ope inlake from i o [N mafkgd L30575E06 BAMNED?  55P206-07  PASMFIEDT  ABFTMEOS 0000711338  ALJ090GE04 SATABAEOL  ASSMEOL 4PI0SBEDS  SI7SIC05  FAPI9E0L 0001032517 LIVOMEDS FUTXOSED? QOZFX7MY LBOOMEDS 0000114358 AAM2IE0S  FOMMSEEDS  GAIRIE-DE  ABSTIVEDG
Ingesion Conces Sope Factor Cifa kg-dfmg 400801 4.00E-01 400601 400601 40080 5.50E-02 720601 FIEHG 720801 FNEQ2 1105400 1.40E-4e2 & 20602 1.30E01 BADE02 7-30E+00 7.80E-02 1.605+00
gk, R Trackon LOTEDY REL 224E-DF ATELY 1.556-05 ANEDS 4ASED4 4ASEQS SEDE LMEQ7 SB0E-05 145605 1.34E-06 101607 151607 A38E05 5.00E-07 102605
Tedal in ic: ek lor e route R e fion
0 inkoke from ingestion Ao nop & gfkgd AIIP0E08  2H095PE-046  |LENZBEDS 274055606 0000112732 Q002074795 1.7BIBIE0S  |LASE33E-05 2S524A3E-05  1ASS626-D5 0000153843 223101605 0003011507 44V0PSE05 2.766856-06 DO7P404084 525499 000033337 1 ISIMMEDS 2OM0MIEDS  1LBGPSAEDS  1LBSPIEQS
Ingasiion Referpnce Dose 10, mg/kgd 200605 4,00E03 400502 Z.00E-02 2002 700E-04 2.00E02 200602 1.00E-02 4.00£-03 2.006-04 B.00E04
Hetzerd Quationd HG mofkgd 0.,38027397 Q51859863 0000557753 0150575341 0003205479 DOOIZIMISE 3974217178  D.00024284%  0.0AITI6P84 0005176027 D.0Y3462172 002321 UMW
Totol Hemrrd Inclex H mokgd
Demmal cankact with fop waler POE concaniraion c. ughl 0.%603 DOF14 005954 0.10074 4,122 75.73 65034 D.40454 0922185 0.5313 5438 081432 10592 234 0.08274 290,18 o788 t2.)68 Q49335 0.7557 048242 0.67704
event duretion tevenl b
absorted dove pef everd Daevent mgicm-even S21778E-08 LIMISSED7  LIVIOFEQF  A27428E07 Q000107202 128037606 .A67MEDF  [441036-04 2.26152E-06 L2BATZE04  1L.TZAEDR B7705E0  |LMZSEDS 213PUIE08  ZNGTZED?  DOM01433  1AWIMEDF 12333607 LBSI&IEDS  1.51WA2E-07  1.B4025607  ASPMIED7
Even] requency Ev evers/day
Exposune curcion " ¥
Exponms frecuency EF diy
Skin wriacs aneo SA em2
Baudy weighl W kg
Averaging firne AT dfy
Averaging fime non-cacinogens ATn, d
Admoroed dose: bor OO DAD: mafkg-d 4412608 1LFZUEDS 1IMSNEDS JSIMBEDS 0009231943 Q000100242  7750VEDS DOOOT23515 0.00019176% Q000108577 145749606  74215E06 0001591455  LBOBME-QS 2.11845E07 00008593 137813607 104263605 00001565 127775605 185575605 2.977BSE05
Demal Cancer fope Factor CSFe kgdimg LOED 4, 00E-01 40001 AD0EDY ADGED LEE02 235500 2358400 230E02 7.006072 1.10&+00 1.406-02 6, 20602 1.30E-01 BADE-O2 7.0800 780802 1.50E+00
Risk 3 frexefion. 176506 TIEDé S308E04 LASEDS J49E-02 S95E-D4 E2EQS 290E-D4 A H0E-06 FHIE08 161604 223605 1125407 275508 1.16E-08 14608 121E6-Dé A FEEDS
Tolka! carcinogenic ok for exposune route: R traciicn
Absorbed dose for non-carcinogan OAQ..  mg/kgd 120659605 542654E-05 392325605 0000153 00249245 0000315707 Q00024045 Q000360253 D.000557635 0.000314482 4256B4E-04  2.1448E-05 OOQ4441074 527451606  &17355E-07  DOZB48427 401954607 AQIDIEDS O0DDA56565 3.7247BE-D5 45376605  0.48542E-05
Dermneal Refarence Dae RiDg mgfkgd 2.006-05 4.008.03 4.006-02 380603 2.006-02 7.00E-04 £20803 2.00E-02 2.00€-03 A00E03 2.00E04 B.O0E-04
Hazard Guatierd HQ mgiegd 5249457042 QO 2aE41 Q000541151 1.22H19551 00002637246 ODO0BII9AE  4.420<MR708 200977605 0.015205032 QO0RINAPS Q22487997 Q108547747
Tolal Hamd Index HI gleg-d
Vopars irem 1ap waler Conceniration in tap woter C. ughl 0.1603 00914 005954 0.70074 41z mn Q45034 0.60456 Q522185 2513 5,614 Q81432 1952 M 008274 250118 0.19763 12168 0.45335 0.7557 058242 067784
Corcanitation in tap water c mgyim3 0.0603 ROF16 00554 0.1007¢ 4122 7873 0.45006 050456 092185 0.5313 5614 081432 109,92 3 008274 591,18 0.19108 12168 049335 0.7557 0.48242 Q47704
YoliReotion tactor vF cmengionien ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ Y ¥ ¥ ¥
B3imel, hoss with oY) POE concenirofion Come mg/m3 0 0.0000458 0 (.00005038 0.002041 Q037865 ] 0 0.000441093 4] 0.0028068 a 1] 000117 0.00004137 145059 Q0000594 0005064 0 000037785 000034121 Q.00033052
Inhokalion rale R m3in
Eapoaune firnm Er hid
Expeune frequency EF diy
Exparne diration 0 ¥
Body weighl aw kg
Averaging lime carcinogen Al d
Averaping fime ron-carcimogans ATny d
Averags nloke from inhalation cocinogen [ mp/kg-d T 4 2RP4E04 0 43MEDE 0000ITZ822  CO0RS425ED 0 0 4.31283E-05 0 O0pRE2T1 Q 0 0000107443 3BRMBEQS 0135713907 8975906056  Q.000545205 0 QS3ISOMELS  JAF2RE05S 317084605
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TOMET
TABLE E.4
RME Calcuiaions for Adult Resident [HIGH TCE SLOPE FACTOR, WELL D)
Misacit Elecitie Works, Cape Ghareow
Chamicals O Poteri Loncem
g H
i I
S B T S S
= ?_ 3
I & 3 ; 3
Exponre Route Paranmeler Symbol Undhs = = - = E K
Vapous infnulon - POE cor Con U@/l D.00E+00 2.7SE-D4 SETEDE Q.00E+00 G.00E400 1A 25002 $I6E-04
POE concentration Cow mofm3 000E+00 2.75E07 4B7EDR 0.D0E+0D QOOE+OD 1I1E-08 L.506-05 9.34E07
halation le R mir
Expersure fime 3} hid
Exporture irecuancy F dfy
Exposure duralion B ¥
By wsight v kg
Averagng fime cacinogens AT, d
ging {ime nor oy ATty d
Asrarcage irhakes fromm o ’ g L kg q 25TRAR0N  LAZTAE-W0 L] 0 122541607  ZANENEDS ATEFEQR
Inholalion Concer Slope Foclor CSFin kg-d/mg J08E01 2. 10E+00 4006-01 3.00E-02
Fisk. R Imacfion 000E+00 257607 FMED7 L6¥EQR
Total carcinagenic ik for expooune oule R fracfion =
Avaroge vkoke from Y NIy g (3 mgfkg-d 1] 75041 \EQB  1.BFA8SEDY o 0 JSMMER  SANTIEDE 255413607
Inholofion Reference Dote RiDy, mofkgrd 8.57E04 SHEO4 E40E-Q] 14602 2.84E-02
Hoxcrd Gratiend HG mpikg-d BI5625E08  3.280012608 255008606 DOOOSYBA14  BYNSIE-D6
etel Hazord il W mghgd [ Y
Ingettion of hop werter PCE concentnatian L= ugh 0.513 34278 Q.27034 F.5m4 4. 18032 L4 1525 034144
POE conceniion e mgfm3 0.5313 14278 Q37034 hi- 103 44032 L% 1525 G144
Waolar ingestion robe ® lfd
Exproaure: Irecpeency EF diy
Exprosune: duration ED ¥
Bodly walgid L. kg
Averaging fime canginogens Al d
Averaging fime non-carcinogens Alr, d
ape rvkoke from ingest in L] L mafkg-d A FPOSBEL ANPASENS JATEIIEQS  7O2144E05 ABBRISEDS  SDS0IE05S Q000143240 A NMIAEDG
Ingesticn Concer Slope Factor C5F, kg-ciimg 7300 7 QOEHXy 1.20E-00 540601 4.00E01 T20E-01
Fitk. R fraciion AHEDS A 59E4 A 4TEQS 273E05 573805 ZHEDd
Tolol cancinsgenic ridk for axposune ok R frociion W%
Averoge intake from ingestion nan-carcinogens le maskg- 145542505 FIPIZE05  1L046BE05 0000207715 0000113433 0000147671 000041708 0.000009%
Ingusiion Reference Do RID, mgfkg-d R00E-02 5.00E-04 300602 1.00E-G2 A.00E-04 A00E-03
Harard Cuestiend H2 ma/ko-o QOMEP5614  Q.O002PIETP DO0I701 104 DO14FET1ZD 1. 3P2494044 000332
To¥n Hezond index A mangd mmemey
Darmnal contoet with lap water POE concantration Co ughl 0.5313 14278 037034 758146 4,)4032 5 1525 0064
wvant duralion wvant W .
absorhed dose per svant Dosvenl mg/icmZ-even 135781606 25123507 ZOMEAED?  2OVFPOEON  SSE223ED4  AL1079E07 284701507  2018MELY
Event frequaency Ev everhiday
Expetune curcion ED ¥
Exposune frequency B dfy
Skin priace owa RS em2
Body weight W kg
Averoging time AT dfy
A WGNG e o nog ATy d
Alsontved dose for carcinogens DAD, mg/kgrd ©.0001 14767 21239608 256442607 28215504 0000471922 Z0A5TEQS  2M07SMEDS  1.70ATIEQT
Daimal Concer Slopee Foctor CSF o kg-dfmg 2.30E-01 1. B0E+O0 1.20E-H 5406-01 4.00€-02 7.206-01
Risk: R froction LE4EDS 429604 5.44E05 145608 LAME-Dé 1.236-07
Total corcinogenic risk fof expoiuns rouls R raction o
Aksorbed dose for ! inogans DADw.  mgfkgd GR00334801 SFPA72E05  FARSIBED?  ASATRAEDS 0.00NITEML BPOANIEDLS
Darnal Refersnce Dose PRI e mafkgd 400803 2.00E-02 S.00E04 300EQ2 1 0E-02
Hazard Guosient HQ mgfkg-d 0.00309736 G.001497074 GO45881351  Q.00M0QITT
Totel Hopewe Indax H mo/kg-d - SR 25%
Vopoers from top waler Concaniration in iof woter C, vgi 2.5013 34278 037038 75816 4.14032 L 1525 034154
Conceniration in tap water G mgim3 0533 a2 0.27034 75816 A4.14032 5.3% 1525 034164
Volaization facter VF dimeraicniss ¥ ¥ ¥ ¥ ¥ ¥
mck hose wilh o™y POE concentralion Comp mg/m3 o 0LNF13T 00O0BSIe '] 1] 0002695 Q007625 000037082
Inhalafion rote L3 mifty
Expowre fime ET hid
Exposure frequency Ef dy
Expasuney dusation D ¥
Body waight Bw -]
Avaraging fime carcinogens Al d
Averaging fire non-carcinogernd: ATn, d
Average indoke from inhalalion corcinogens b mQikg-d 9 00001 8034% 17328505 '] 0 0000Z5213¢ 0000711378  1.59815E-05
Fracied bedrock ond Masvium Poge el
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EOMEY
TABLE EA
RME Calculations lor Adult Resident [HIGH TCE SLOPE FACTOR, WELL D}
Missowl Beciic Works, Cape Girordeay
Chamicals of otential Concem
Bl : i i E
£ g 5 E £ 3 E
o P P ] g S R
Contaminant- I -'E 2] E T
Bxposure Soactic 3 5 X z : 8 i ; a
Source Medium Matium Exponme Point Exposure Roude Parcometer Symbol Units Foramaien = = = g i 2 o, = = ;: o 3 g <
Thciaion Cancer Siape Factor Cife. tordima 2001 SAEOZ 710602 THENZ | 10vEDZ 400601 400601
Risk. R Traction 87907 4172507 116604 511605 B.00EH00 A28E-D6 0.00E+D0
Tota) carcinogenic (kK for expetune route R racion
Avarogs inioke from inholation non-concinogens Ly mg/g-d L263ME05 210715605 ODO1&AAASE 0.00149672% QOOM25724% IFUIMBE-DS 197945805 DO04001923 D.O0E7T071 L] ] 0 0.00ME351 0 QO 3VZAEGS ¢
Iinhalafion Reference Dowe RiDy. mgtkg-d 114603 140602 1.14E-03 200
Hezord Quadient HG mp/kg-d 7243201154 Q028450448  D.OITILASTE 0079435092
Toted Habard Inchex H madkgd
Surface Water Creek Incidenial Ingestion of creek water  POE concaniration C. uvgh IBFASEDS  OOOD14452 QDOSI0MI2S 0.148484251 0003415705 0000258223 0000138014 0277239592 03327553 BO7ZMEDS 0.001055151 Q0001112 0001482485 000124381 7 9P002E-05 A2MEDY  2ATIELT
POE concerimtion Cy mgim3 ALBTI4SE05 Q00014592 0005107025 O.158484251 Q003415705 0.000258223 Q00018014 0277239592 (332753253 BOZZIWELS QO00TH55151 00001112 D.001482585 000124581 #.YPODZEDS APGE0T  2ATVEREDT
Water ingartion role " wd 0.05
Expcaure reguency &F <fy 52
Bxpowune durgtion D ¥ 24
Boady ™ ™ n
Averoging ime concinogens AT, d 25.550
A time hog ATy o L%/ ]
Average intoke from ingestion cacinagens. by mafkgrd 135073612 512557612 1L JAIO2E-10  SAPEMEOD? 1LIMI726-10 R.O0P2BE-12 4815312 967277600 )L1SOVEE-D0 281442612 348138611 JAM72612 SI73026-1) 430959602 270760612 1491BAE-14  BES22IE-IS
Wgeshion Cancer Slope Facior C3F, kg-dimg 200801 570602 9. 1DE-D2 SB0E02 2.40E-02 110842 SB0EQ1 & JOBHOG 450801 4.00E01 A0E-01
sk, R Traction 27013 252%-13 B20E-13 AVEI 2.VE-10 310614 2.506-11 260611 195612 597618 JAEE15
Fohal i we risk for aup roule LA frachon
Averoge infake fom ingesion Non-cancinagent. le mgfg-d IIIPEAE12 149507611 A1PRTEI0 T4EDEDE  A47SB4EI0  28ZTIEIY AQDMM4E-N] 282122608 RABSIMEQR  B.21457E-12  LORNREID 113159611 LS0GAE-10 1224871617 BIXTEE-12 4351318614 252357614
Ingesfion Reterance Do RID,, maikg-d SOQE-02 A.00E-03 10051 1.00E-02 1.00E02 2002 L1060 300602 A00E-02 1.00E-D4 200507 1.006-03 5.00E03 1.005-04 7.D0E-D5
Hezerd Quotiond HG ma/kg-d S55407E-11  37I79E-09  SAPEPTELY  LTIMS2EDE  347SRSE08  1.J13BSE0F  1.2747BEOR  TADMMED7 LI2BFIEQE  S2V4SFE08  S3GBSTEDE 11315908 A0176E-08 ANNTSE0E  £21615E-10
Yotol Hanard inclex HI mofg-o
Dermal contoct with creek waker  PCE cancentration Cw [T-1] ABN4SE08 Q00014672 DOOSI0F02S D.1&B484251 0003415705 0000258223 0Q.000138014 0277239592 (I32750253 @O7209E-05 (0.00M055151 00001112 001452485 0.00012438F 799002605 AZFEQT  24TROOELY
evant durofon teverd e 2 -
atacronsd dows par wvent Dowvan)  mg/oml-event 107209612 LPPPOE2  SABITE 3S2UVEDP PSR 297STE-I2 JO0BRASE-12  S094FTEO8 4 TDOIZEDE  1.27548E-11 1.3S3NE-TE 0 3&143E11  LOSNSIET]  113549E-12 0 149895E-13
Evard fequency By wvanh/day 1
Expoture durglion ED ¥ 24
Expenure Fogquency EF diy 52
Sin surface areq A o 18.000
Bocly weight aw kg 0
Averaging fims AT diy 25550
Averoging fime non-corcinogens Alry d 8.7
Absorbed dose for corchnogens oAb, mgfgd 12722611 JF&TREI1 LISHSE0P JJAZTT08  LIZIFE0E  ATINIFEY J6B04BE-V1  AFFBAFEDT  SPOMTENT 140228610 1.49vS3E10 0 ASPBBME-I0  1MOBIZEI0  LA2E4SE-1 0 1.M2ME-12
Dermnal Concer Slope Faclor CiFuee  kgdimg 2.00€-01 SME-02 910602 ABCE-02 240802 110602 80054 6 P0E+00 45060 £00E01 4.00E-01
Pk & frocion 2.54E-12 215612 240612 2.54E-12 142508 1.78E12 136610 QO0E+OD 5891 £.00E+00 753613
Tolal noganic risk for ey ke R, wacion
Absorbed doke Tor nON-COMINOgens DAD..  mgikgd ATAOLETY 1ORE-10  BASO24E-09  L2BR9SEOT  AH14S5EQE  LOMODME-ID  VAMBIED  VYTRSEDE  1L.72IBSED8  ALTITEQD 49545710 0 LHIDEDF JIISMEIG 4144911 0 549125612
Defiol Reference Dose MO, mgikg-d 0002 4.00E-03 1.00E01 1.006-02 1.00E-02 200602 130500 AL0EH2 100802 1.00€-D4 200603 1.00E-G3 50003 100604 J00E-05
Hezard Guatient H2 makg-d SI8MED ZJ4MIEDS 245026508 1.2BPPSEOS  JA145SE-04  SAS0IBEDP  1OMFIED7  &SP0NAEDS  STOVAPEDE  AE7XIZEDS  2A4MM48ED? 0 24D2EAELY 4. 18049607 0
Tolal Hazord Inclex H mgig-d
Careinagenic ik - of routes [detected opanics]
Core ik - ol rousas |uncletecisd onganics)
ramﬁgimm-atcm. Sum BT frochon
NN G acgeni: 16k - ol Foutes [eTecion orpomcd|
Non-Concinogenic isk - ol rovtes [undelecied |
ToAL WX - AL 3 Sum Hl__frochion
Nalex:
1+ g = microgrom pw L
2- QM = miCHOgRamE par Gubic mater
3-hid = hours per day
A+ gy Pt day
5. clfy 2 choys De yRol
Ll
7-kg = kogiam
#-o m oy
2w » hour
10- k- = PIRORONTS Ot MIONOT D Ry
11- kg-rifmg  kfiograma per ckay per millgiom
12- emZ = pyvcare conlimuier
13- ity = cubic Mele o how
1d- mp/ma = millginme per cube meker
15 mgfemd-evanl = miigroms oot kouors cardmaiir Dar gvend
1é- migfoma-avind = mlgioms Der cubic cenlinuiter Der svent
Frociured Becsock and Aluvum Fage 4 ol ¢
Grounchvol s Remneciolion F5
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KOMEY
TABLE E.4
RME CalculaBions for Adylt Resdent (HIGH TCE SLOPE FACTOR, WELL D)
Missours Beciic Warks, Cope Girardeow
nial
- ;
] | S T i 1 .
£ E E £ ]
¥ g ¢ & g 5 : e
o a 2 o o + 5 H £ £ 2 2
ﬁ ] E & g g
Exprirume Rowte Pararneter Symibol Uy g g g ¥ k] - b £
Inhaialion Cancer Sope Factor CSFpn. kg-dimg 4.00E-0) 4.006-01 400601 4.00E-0) £.00E-01 273602 3.08E-01 A0BEH00 3.08€-01 J00E-0) 1. 14E+00 520602 810502 3H0E-01 7.706-02 1A1EH
sk R fraction DO0E+0D [ gl 0.00E+00 LIWEOS A0S 967605 0.008+00 0.006+00 1. X608 QLE0EH0G 05604 201607 441505 Q.00E+00 24606 S11E05
Total carcinogenic: rek Kor expoune route Ry fraction
g% intake from st v INOgens b mgfkgd 0 12497608 O LAMTSEQS  DOODSELIS  0.010332477 0 ¢ 0000125821 ¢ 00007663238 4] Q0 DOODRIP26E  1.1208FEQS  OIPHAD2I  L4177ME05 Q00164082 0 Q00003108 FIWEIEDS ¥.24B34EL05
nhoiation Relerence Dose RfOa mg/kg-d B.57E-03 1.70E02
Harard Quotient HG mgikgd 1205655559 23, 20474883
Totol Hoomrd Inclex HI mgfkgd
Incidental ingestion of creek woler  POE concendmition Cu vgh TYPRTEL7 \TI027ED7  L11148E07  LBMISED?  TAPE21EOS 0.000546704 121429806 1)IB70E-D4  P.13MO7EDP  S.26519E0Y  0.005342537 0000774448 0000205732 000226  JASPEE-05  LISTSE242 DODONBESIT QOVISPSIST  AMNIEDR  LJAIDRTEDE 1 2F15E06 400402606
POE concentration . mQim3 L9PWVTEO7  1LFINPE07  1LANGAED7 LBNIZEGT  7A0A21E08 0003548704 I 214VEDE  112B7BED  FAZSPE-0Y  S26519E0F Q005342537 0000774448  0.000MEEND 0002206  JASPLE-05 135956262 DOD0IE2SYF Q011575497 4BAFIIEDY  LOIOWTEDS  1IFNSEQE  ADOSA2E-06
Water ingeson rale » wd
Expotune irecuency B afy
Exposure duralion ied ¥
Bocly waright L g
Averaging fime carcinogens Al d
L o tirrve von nog Aln, d
Average inloke fom ingesiion cancinogens 'S g kg LOAZIE- 14 S96RE-15  38TAVE15S 45676615 248508613 127302610 A 2MEV1E14  APIE26E14  LIMBSIE-LS VABYENS  LBAIME-ID  270278E-H1 ZAEDMZEIZ  PFEA42ET L20POME)2 A TAOMEDS  SGB40E-12 LDIBMAE-ID  LFOSIPE1G  AFIORIENM  AA4ASMEEN4 L97EBIEID
wigashion Cancer Siopy Facion C5F, rg-dimg 4.DDE-0 4,00E-01 400E-0 AD0E-01 4.006-01 5.50E-02 FI0E0} 1305400 TI0E-N 7. 20602 LAGED0 1.40602 520602 13060 B40E-02 730500 780802 1. 40800
Risk R fracion 418815 2%€18 155635 243615 1.D7E-13 7.00E-12 JOPE-14 287613 20614 1. ME17 205610 1.00E-13 482612 1.57E-13 535E-13 125615 JATES 224613
Tobal carcinogenic rik For exposune route L Trochian
Avevoge infake from ingwstion non-carcinogens b mikgd J04549E-14  1LTH0E-14 11325614 1P1T440E-14  ZENME1I JNNHTEIQ  1.D568E-13  1LVMBMSE-13 P.PVRIE-16  S3SrPIE-16 S43663E-10  ZBRNIZE1 208847E-11  26S21E-10  ASS5IEZ  LIBISIBOT  LASTSIE-11 LITFRMEOY  ASTEXIE-16 LASEIEIY  1.2945PE-11 4OFEPRE-ID
Ingesfion Relerence Dose RO, mafkg-d 200605 400603 A00E02 200602 200602 7.00E-04 200E-02 200E02 T.O0E-02 4.006-03 2000 A00E-D4
Hezord Quotiend HQ mafegrd 957215610 & IATEO8 187078607  LOM423E0F 11326508 SO0933E0F  ASVTRMEDS RIA7SBEIC  LAFPRJEDY JSBPSEE-1L  £4B2NEE-1D ROPA2IEID
Terial Heewd Inchex H mgigd
Demal condact with creek wolar  PFOE concendmtion (= [F-1] 29BTEO7 LIOEDT  LINMBED?  IBNIED7  T4S20E04 0003848704  L2VZPEOS  1I2B7BEDS  FIZ8OVE-DP  S24519EF 0005342537 Q000774448 0.000205232 Q00222 JASPE-DE 135756242 QOOIMRSY? Q011575497 4EBYITEQP  LAIQPPEDE  L27415606 400642604
Wrvard durclion. mverd
obnarbad dose per event Daevent mglcmaven LEFO7E1I 791158613 SS514536-13 140105612 378617610 1.365ME M0 31T8M4E12 506557612  41561756-14  235344E-14  XLIF4RIE-11  1S5CP8E-N0  SE2EB4E-11 ZI7TETIE1Y  LOPIASE1Z  VO7752E07 2AMTEI2  2345036-10 J40F44E-14 5. 240286-13  S39035E-13  3BSE0FE-12
Event requency Ev evenhiday
Exposung cunotion ED ¥
Exposune EF oy
Skin mrfoce ama A cm?
Body weight w kg
Averoging fime AT dfy
Avaraging fme nonr inog ATn, d
Absorbed dome for corcinogens DAD, mgfkgd 227204812 POTV4E12 LTIATE-12  1BGIMEN  4PISEALLR  LTNSTOR  GFPRE1Y SB4Z4BE-11 5227603 296B57E-I3  AFAFSMEI0 184760 AIVIREIG  AFEOSE D 250156811 1.IS3WEDE  AaI4VEE-l1  RVASOIEDR 4 T7VEIEIZ  4SBIP2E12  ADIIWZE-1Z  4BSEPE11
Dt Coneces Slope Foctor CSFa kg-aimg 4.00E01 400601 400E-0 H00EH 400501 5.506-02 235601 2356400 23002 730842 1.J0E+00 1.40E-02 42002 130601 BAOEOZ 30E+00 7 BOEO2 LSDEOD
Risk. .4 Traction SOPE-TI A9FE12 277E12 TASE-12 150609 FAXE-11 S.ME-12 1.50E-10 120814 207614 4.39E-10 1I1SE11 2F4E-1 32812 104612 312612 425613 771
Tetal ganic gk for route LY fracfion
Almorbad case Tor nan-Carcinogers DAL,  moikge &41737E-12  209830E-11  L0X003E-1)  S428%TE-1) 1.38703E-08 S0018E0% 1 1643PE-10  1BSAF2E-10  1LSM4ZE-1Z BSSAAE-13  1L1AIZELP  SEB1IMEOF  LIFIDSELF  1DGA9EQY  FIPGZ2E-11 AVATISE0S  10S49SE-ID  BSPOPPEOV  1.Z4828E-12  1LPIFFIE-11 2XWFEI 14163610
Damnol Reference Dose R mafkp-d 200605 400800 4.00E-02 AN 200602 7.00E-D4 S 0ER 200802 20003 A00E-G3 200E-04 BO0ED4
Hazard Quotien Ha mgikg-d 271449608 125045604 VAGMEDY  §.20225E07  AP2V4VEDS  LOM2I2E-07 0.000636874 S2PATEEDT A WSIEDG 479909 L1667E07  ).TRIBAEO7
Tertedl Hozord Indax Hi mgkg-d
Carcinog fisk - all ok d organisi}
fisk - oll routet Jundieiected organics)
TR TR T MR TRV
Mon-Carcnogenic ok - ol route: [Jeleched ;
Mon-Carg risk - gl rosies [undelected W)
TOTAL ﬁmznmsm-&% Sum H_ fraciion 0 1]
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RME Calculah

TARIEE.A

for Adul Resident (MIGH TCE SLOPE FACTOR, WELL D)
Missoud Bachic Worls, Copt Ghardeas

Chami of Poleral Concom
i i 3 H
3 2
3 § i
_§ [
Expouse Roule Parameler Symbal Units r k] = 5 £ % O
inhalation Cancer Sope Factor (= kg-dimng A08ED1 210800 +00E-O1 3.00€-02
Rizk .4 Troc-fon nmqoo SPEQ 2B5EDd iU ATIELT
Tolou i ik o o route R frackon ' B T
Average inkake from inhaiolion hor-Caninogent L mgig-t - ':?i..,o QOD0447683 ° S05213E-05 1] 0 0000735403 D.002080485 ' 4.44129E05
Inholation Reference Dose RMuw  mgikpd a 857604 SEO4 1 A0ED 114802 SN2
Hemrd Quotient HG mo/g-d =N O545720584  QUORBAPE )64 GOOS2EIMIT 0.162514722 0.001429818
Teskd Herowd) Indesx H makg-d 4%
Incidenial ingestion of cresk waler  POE concenirafion C. wa SEWEOY © 0DOT4XA2ET QOONSHNSE 0007212425 F7I042E04 0000841106 D029IASET  D.000325004
POE comemnination C. mgimd 25519808 0.001433242 000015058 QO0P202425 773042804  QO00S41106 QO2FIIAEET  D.00O¥IS004
‘Water ingestion rate: R I
Sposus frrduency EF dty
Sposuem durafion ED ¥
Bacty waigh L kg
Avaroging irr carcinogens AL, d
Averoging Sme nog Aln, d
Averoge niake from ingestion carcinogen: L mg/kgd ‘IM_?E'-'N S0005PE-11  SAQ24E-1T  251638E10  2497T11E-1) 293462611 102384607  1.13WIAEH
Ingection Concer Slope Facior ¥, kg-dimg 730801 70000 120601 SA0E-01 A00E-01 7200
Rk [] traction LMEN i 174607 124E-14 1S8E-11 ADPE-10 . BHEI2
Total A e gk for exp renste R Traetion %
Avarogs infole from ingetlion non-carcinogen & mg g 5.35?9@_5-}6 - CHASRIEID  LSTBSEI L FIIASEID  ZAAMGTEID 55PN 29685330V LTSRN
ingasiion Reference Dose RID, mg/kg-d ; C2ME02? 50004 200602 TE(2 300604 00E-03
Hezord Guaient HG myfkg-d e ;o FIWEL? AINNEH 242E-11 B.5593E07  FASIONEGE (100243508
Totol Hatwd Fdex M mgtgd. e o
Dermal conjoct with cresk woler  POE concenigtion = ugh "5 24519600 -00M433262 000015458 0007212425 F.FA0MIE0F QDOOMA1116 0029334582 0.000325004
avert durakion tevent  hr ’
-abwrbed dose par even! Daevant mgiom2-even 24PR676-14 FODIBE-I0D  2EWTFSE12 S2PHI2EN) LIBMIEN LOHI3IE-10  LOSSPEDT | AL4S0N3E-12
Evant fraquency B wvanh/fday
Exposure durolion o ¥
Exponare frpcquency EF diy
Skin surface area S em2
Sody weigh ”w kg
Averoging tima AT iy
Avaroging time ror-carcinegens. Al d
Al A for L L OAD, mgfug-d F13B42E-13 251EM4E409 | JI7MSEH LANFEID 2.{&95'5-10 13422800 10NGE08 S.MEFIE-I,
Drmncl Coancar Sepe Fodstor CSFoy p=ctivng © LD 1ADEHOR Y 20E-01 SA0E-0! 4 D0E02 F206-01
itk R frociion F2E-H 119609 29261 710650 8.04E-10 A03E-H .
Talal carcinagenic ik for snposure oute Ry fackon %EM o%
Absorpad dose for non-cancinogens DADy, mafig-d L15A7IE-13 FANC2E0P  SISE9E-1L 19A39SEOP 70P027E-10  JAJIISEQF  JIPOTAEDS  LA3JIBE-I0
Devmicl Raterance Doy L r mglkg-d 200802 5.00604 200602 1.00802 450605
Hazard Guofiend WG mag/kg-d ThE 44PSIEDY 18513607 2ICMEHN  AKIVSEOT  D.0008SE0T
Total Homnd Index H mofkgd
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TABLE E.5
RME RISK CALCULATIONS FOR CHILE EESIDENT (HIGH TCE SLOPE FACTOR, WELL D)
MO ELECTIIC WORKS
Chamicas of Polenial Conoam
j ;
]
: ] 5 : {
Non £ g £ 5 5 3 g )
Conkarninant- a8 o 8 % 2 &
Spectfic g & 3 3 - § 3 2 3 ‘g
Source Medium  Expeture Medhum Exposure Point Exposure Route: Porameter Symioot  Units Porarmaters = - < ° tj ) al f * b ?:i g _2 3
Groundwister A Indoor o Vapour inlugion - ink J *OE gt Comn wgimd 759608 P 20EOS 227803 TAEHY 405603 1.R2E0u 1.06E04 AP0E-03 414600 0.00E+0D QO0E+H0 OO0EH0 206604 QO0E+00 0.00EHD 6. TEEDA DO0E+0D
POE coneentration Can mgim3 7.59EL0 008 22704 7406 407604 192607 10407 8.90E-0& £.146-06 0.008+00 DOOE00 0.006+00 A0sEG7 0L00E00 0.00EHD L7661 Q00EH
Inhalafion rate IR m3fhr Q42
Exposure fime & hd 24
Expoyure fraguency . Ay 350
Exposune duration ED ¥ 4
Bodly waighl L kg 15
Averoging ime corcinogens. Al d 25,85
A KRN e 1o HNogH Al d FAL
Avarage intake om inhgialian corcinogens ' mgfeg-d A19NEE10  SMESEDS  |2537VEQT  A(PEBIBED7 2.2P02EQ7  \QEDM7EDB SBS44BEL9 A 5FIEQF  JAD2ISED7 a 1] 0 LEMNME08 1] o ANz a
inhotafion Cancer Slope Facter CSFw  kg-dimg 2000 520802 #.10602 220£42 109602 400601 4,006-4H
Risk R Iraction EEIEN 19310 F.45E-10 TAVEQY GO0E+00 1.49E12 0.006+00
Total carch vic: fitk kof s rovie R froction
Averoge icke Mo inhalalion Non-Cancnogen: 1Y maigd ABPORPELR  SSYETEDE  VAAEISEOL  ATBVEDS  LAMSEMEDS  LAZED?  AMO(NTEOR 57ISHEDS  APSHEDE 1] o ¢ LNBER ] 0 43SEBE-1 °
Infolailon Reference Dow R mafcgd L14E-D3 1.40E-03 1. 14603 230801
Hezard Qucfient L mgfkgd 0002311847 ABMMEDS SIPIMMEDS L YISBAELS
Total Hazord ke H maikg-d
Grounchworier Top Waber Ingartion of tap wolw POE concaninalion Co wghi 009259 05444 1224 L .52 f27144 Q14508 41.5% 49.42 019304 110914 D264 3,546 0.29747 a1y e .o
POE concenination C. mgim3d 0.09259 Q15444 1224 1097 .52 02714 Q14508 41.9% 49.462 0.19304 110714 0.266 2544 0.29747 LR 0.22v 013282
‘Waler ingesion rate R Ird 1
Expoaune frequency EF diy A50
Exposune churgtion ED ¥ ]
Body weight o kg 15
Averoging fime carcinopehs Al ] 25550
Avenaging firme NoN-Corcinogens AT -] 2190
Average inloke from ingesfion cocinogen & mgfkg-d BOFM2ED7 B ASMTEDT  A4LP24E05 S01DPGEDS QD0OIX141E 1 ABPMMEDS  7R4FSPE07 0000241041  0.0RQ27187  V.0SPBE0& 40TFSPEDE 1 ASPSIEQ6  1.PA01EDSE  1.42997E-D6  VO4FOFEDS  1.254M08  raFmIe07
Ingestion Cancer Slope Fochor CSF, kg-dimg 2.00€-01 5MEQ2 910602 &.80E-02 240802 110602 £.80E01 &.TOE+00 4.506-01 4.00E-01 40001
Fizk R oction 101E07 4.82E08 1.35E07 SAED8 A 53EDd 114608 413606 PITED4 FRIEDT S.026-07 29147
Tolal concinogenic risk for exposune roube R froction
Avarage niake from Ingestion nen-carcinogens [ mgikg-d 59606 P.AF200E06 0000780804 0000701277 0000648858 173523605 SIMEZEDS Q002812148 O00II72055 L2MTEQS FONISZEOS LFODMSEQS 0000224885 190143605 1 Z1S9E05  1.46IPIE05  BAPO7REDS
Ingeshion Relerence Dowe RiD, mpikg-d S006-02 4.00E-03 1.00E-M 1.00E-02 1.006-02 200E-02 1L19E-03 J00E-02 300602 1.00E-04 20003 LDOE(G S.00E-03 1.006-04 7.DCE-OS
Hemard Grocient Wa mgikg-d SBHFFE05 0.00244821% Q007008037 O0L20127854 OIMSBBGM4S 0000067616 0000431382 0073738204 (.M05735)6 GLIZ3417362 QOIS452600 0.017004546  (.045X36986 012157991 D.XFLA242
1otal Hazgrd incex H mg/ikga
Dermal cordac! with iapwaker  POE conceninafion C. v/l D.0F259 015444 1224 1097 052 2N 014508 Q2.9 49,62 ©.19304 Lioms 0.264 A58 0.29747 019107 Q.27 L3282
avant durafion tevent  hr 1
abscrbad dose per event Dosvent mgicm2-avenl 17193609  LI2D6E0F  VA4PIGE07  1LAPOM2EO7  VSBMENS  200ASIEDP  2I0M87E0F  SPN04SED6  4.B535TEOS 215702608 1DOSPAEDA 0 SASBGEDE 176154608 1.9205PE0% 0 S47678E08
Event frequency Ev wvarhjday 1 .
Exposine durerion ED ¥ 4
Expasune equency EF oy 350
Skin suioce area 5 om2 4400
Bodly weight w kg 15
Avaroging time AT dfy 295,550
Averaging tire g Al d 21%0
Absortred doss ToF CocinOgens DAC: moikg-d BARMAVEDN  7.ATAMTEDR 54152606  S5IN76PE06 QODOMZ255% 7. 254416-DB 741936608 Q.000214587 C000175526 THDIB2E-07 343728607 0 201874E06 AITQUFED?  GFASFEDB 0 20527E-04
Dermal Cancer Skape Facior CH o kg-dimg 200601 S.HE02 £.10602 480602 240E-02 1 10EG2 B.00E-01 &.J0E+00 4, 50E-01 400D 4.00E-01
Risk R traction 1. 24608 437E0% &40E-D7 L1867 ANEM BSBE-OF 271607 Q006400 28707 L.00E+00 B2VE07
Tetal n e ik for ap o L fraction
Absorived dosa Tof NOT-CINSINOGEN: DAG.. mQikg-d TN4ED?  BYSXTBED?  A1NSIEQS  6.20397E05 O0(MPIPBST  B.ASOIEDF  EBAPEED? Q002503511 Q002047807 FID21IE08 4. 243NEDE 0 247405  FAXNXMEHS  9.0332E07 0 23950305
Damnal Refemence Dose RiCow mgikgd 4.006402 4.00E-03 1.006-01 1.006-02 1.006-02 200602 110603 3.00E02 300802 1.00E-C4 20003 1.D0E-03 S.006-00 1.00E-04 200605
Hezzord Guatient H mgikg-d 120452605 0000229845  QQ0061151 000403947 Q492985057  4.A29605 000008114 Q083450342 ©.066260247 Q091021262 Q002121744 0 004943729 000810318 ]
Totel Hazard Inclex. H mgfeg-d
AF ndoor A Vapon fom tap waier Concentrabion in Yop water Cuw 11 0.0¥25 05444 224 1097 £0.52 Q.24 0.14508 43599 442 019305 LI 0.265 3545 023047 019109 0.22% 0. 13282
Concentration in Hap waier Cw mgfm3 Q09257 01504 12214 0y $0.52 027144 Da4508 399 49,62 019304 LIoNg 0266 3548 0.29747 Q1909 0.22% 182
volofiization laciar wF chmensionies 00005 v ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
[ondy calcylated lor COPC wilh Hanry's Law > 18-5 atm.m3/mol ihose with & %] POE concenirotion =, mafm3 0.000045295  0.00007722 0.004107 0.005485 003026 DODOIASTZ  QLOOD7254 0.021995 0.02481 1] o o 0001773 1] 0 o005 9
nhariation rate | m3frr 0.42
Expasune fime B hd H
ExposUne frequency EF diy a50
Exposure duration EC ¥ é
Body weigit W kg 15
Averaging fime carcinogans AT, d 25550
Averoging fime nof-eaicinogens A d FAL )
ogs Intake from inhalaiion carcinogeant b mg/ligd 285MNE0S 426508606  0.000337307 0.000302952 0001671347 FAPS21E06  4.004SPE08 0003214847 0001370328 q 0 0 97PIEDS ] 0 32416604 o
Froxciure Bachach arvd Alum Foge iolé
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TABLEES
RME RISK CALCULATIONS FOR CRILD RESIDENT [HIGH TCE SLOPE FACTOR, WELL DY)
MISSOMN ELECTRIC WORKS
Chamicol of Polental Coneem
S I : ;
! * ; : : 1
P ; : _
g % & % i 5 .2 3
5 £ g g oy E s
I N T N I T PO I I O . O T 1 i
Expsuns Route Pommater Symbol _ Unis ] £ 3 2 2 5 5 = =
Vopous ininsion - " POE " Com ugim3 Q.00E+0 JABEOR  (LOOEHOD S.006-08 208504 ZI7E03 - 0006400  GO0EX00 | 521608 QO0EHO ATEM  OO0EM0  OO0EXD0 1206400 3IMEQS 15200 | 9BTEQS - LI3EQZ  ODEH0 325604 7507 1.208.06
POE conceniration Cem mg/m3 0.006+00 348611 . QODEH0 SO0t 208609 237806 © ODOEA0  Q.00E+00 A21611 DOOEAOR 4TIEO7 - 000EY00  OODEM0 T 120606  AGMESE  1SZED 737608 LIIE0S . 0.00EH00 325647 7ABEIO 120609
nhalkation rate » m3fte !
Expone time & hid
Exposune inecuancy B dfy
Empote durgtion 0 ¥
Bodly " kg
Aviroging time carcinogens ATy d
ging fime non Afry d
Avercow niake hom inhclation concincgen: L mgiegd LI -1 0 274144612 L1OMEMD 119885607 .., . 0. 0 ETHIEIZ . 0 227007E08 [ 0 GAITVSEDS L47VOMELD  B9SIEOS  SuS14G60P  4.241I2E07 0 L7PSOTEOD  4VN4EI1 LE2795E-FI
Inhalation Cancer Slope Foctor Sk, kg=dimg 4.008 400601 400E01 LOOEQY 4.00€-01 2.73E402 A.08E-01 J08E+00 J.08ED1 308D 11450 A20E07 ' ) MIOEDZ  ADSED] FI0E02 1LE1E+00
[ [] wacion D.00E+00 b SE T 1,106-12 40610 AEOF |, OQOEH00 | D.00EW0 BEEI3  Q00EH00 | 243808 B.73E-11 noo, .- 504608 | D.OOEHD : 218812 L0760
Toloh carc b risk for g e " froction = :
Avarage nfoke from inholation non-carcinogans b mg/kgd ' O 2244511 . 0 TN LMOIEH IWSNEMR T O 0 -3AEFHE-H 0 264842507 0 0 7.7I2E07 \9SMVIEDR 0000FTRAEY L34007E08  TOMISIEOG . 0 200425607 ABIFIPEI0 77326810
Innclafion Relerence Dase RMOw.  mgfkgd 257E03 . ) : 1.70602 . : - ) "
Hazrd Quosent HGY mafg-d - P - DOOIAN4 DASTAISAM |
Tatol Hapard inciex H mofkgd :
Ingestion of lap waler POE cancenirstion (= wait s 06 DO5PS4 0.10074 s -5 457y oasps 060456  O092A8 0532 5616 . 031432 o2 X7 008274 WOLIE. QIRIBB . 12968 049335 0557 ©  0.48242 0.67784
POE conceniation (=8 mgimd 0.1603 00906 DS9S 010076 4122 TEFY - 048006 0604 OFZZIES . 0SM3 - 5414 LEIPE ] 0982 234 hosTT4 b TRTISRY W11 SRR X P* R ¥ - 1) 07557 . 048242 577
Wekar Ingeshon role R vd ot b
Exprcdune requency & iy
oy dualion ED ¥
Body weight oW L)
Averaging e carcinogen: Al d
g lime = Al d
age infake fram ingesk L makg-d QTMISELY  SOIPISEL? | ADEMVEGT  SSNEQT  2ISPEIEHS 0000414957 IS6EIE06  AMI2ASE06  SOSNTEDS | 2F110MME  AOFTHEDS 446200606 G000M0I0Y  LIRINVEDS  453IVE07 00VSINEETT  IOSTAEDE  SAGPAEOS ZIDIHEDS 414000608 ATIVNEDS 27149608
Ingestion Cancer Siape Fackar CSF,  kgdimg 4.00E-01 #,00E-01 4.D0E-D1 AD0EO1 400500 5.50E-02 7. X601 FI0EH00 T 730603 7. 308402 LIDE+00 1AOE2 520602 1.30E-03 BL40E-02 7.XEH0 THOE0Z  1.606+00
Risk R trocfion ASIEDF - 2OWED7 130607 T 221EG7 $.006-06 229E05 | 2ADEDS 242605 2.496:06 21307 128605 SAAEDS 795607 SAEN8 . BBIE08 ' 197608 292607 SP4E06
Tolal coreinagenic sk Tor exponm route " rochon
Avarage inoke fom ingesiion non-canchogens ke ma/kgd VLOZATSE05  SBSSTIED4  ABOM2IEQS S44IZBE06 000023507 0.004841187 AISPSSE05 3BLATTE-DS SEVSZSEQS AIPGMEOS O000RSMT4  SI0STEDS Q007026049 0000149589 SIBPIBENS D.B5463S62  LI2STEDS O0C077NEI  DISIBIEDS 4BIORSEQS  AMISEDS  AITIVEDS
Ingesticn Reference Dote RO,  mofgd L Z00E05 4.00£03 o - : 400602 200E02 200602 FOOEO4 200602 - 200602 100802 400E0) 200604  BLOEDS
Hazmwd Guokient HQ mg/kgd - DIZTEWLT - 1210294804 0001301425 03512468 0.007479452 0007556164 9273178082 0000513015 0.077786301 . 00107797 028125114 0054145297
Tokal Hooord rches: Hi mgigd
Dermed condoct with lop waler  POE conceniralion Cu ey ] C01e3 . 00rs oS 030074 12 - 757 0.6500 0.40456 - O05EHAS 0.5313 5418 0.81422 we.ez 23 0082 20118 019188 12148 D.49335 0.7557 060242 | DA77B4
wvent duration everd hr . .
cbssbad deis par evert Dosvenl mg/cmi-evan SBSI29E-06 299624607 200021607  S4124E07 QOODI4IMP  1TG209606 1DITIEDHE 19147606 294952E06  1.6B44ED4 | 224485E0N  LIAZEDT  Z47IMEOS  2M0BVEQR JIB7SAEDT QL0052 LUAPEDR  1LAIVAEOT | 2431006 1 9BASIEDT 2AVENTBOT  4EISIFEQT
Evant = avarh/day
Eaporore durotion L1} ¥
Exposune frequency & ay
Sin srince awa S eml
Bochy waight oW kg
Averoging lime AT iy
Averaging fime nor r ATne d
Abserbed dose for carcinogers DAR,  mgikoed 2A77TIE08  1OBMSBEOS  7.5SSSEO4 202049605 Q005IASSA  SATMAE0S . AISINENS  4FILEDS QO00IOIT  KOMETSEDS BRIGTRMEQ  4LL4BSGEDS 00008VIV26  LOISPBEGS LIBBIEDT OQO0SS20M  TIKWIEDE 585543606 B7V266E05 7.77I4EDS BTMMEQE | 4724E05
Oarmnal Cancer Siope Faclr Cfum  kg-d/mg 400601 400801 4.00E0) 400801 0BG S50E02 2E0 2I5EH00 230802 7.30602 +I0E+00 140602 20802 L3EQ1 8.40E-02 7.308400 7.80E-02 1.508+00
Pk ® fraciion 9916407 406 I0Z606 12806 20803 A50808, | 102EDS 143804 247604 AASEDS 9.02607- 1,256-05 LI0E08 TS55E08 . SS0EQP . SAZEO4 82507 2.68E05
Total corcinogenic sk Tor sxpopune oula LA trocton
Eescvband close for nor 000 DABL.  mamkod ZEF0SEEDS OO00126418 BAI4TSEDS G.000234797 0060478432 0000743456 ODOOSITEIF QO0CH0P4T7 Q001252895 Q0007152 PS44R6E06 4B6MIEDS OOI0A29134  LISSDAEDS  1M70FEDS 00447400 P0NIPE07 ABIZSIEOS 000102581 AI7I3IEAS 0000101951 0000195144
Dernol Refersnce Do MO  mofkgd o 200605 400803 4,00E-02 IMEW 200502 700604 LEQ 200642 200603 4.00E03 Z006-04 B.00E-04
Haord Quotient HG maikgd 115 IAATI2I 0001215358 74450888 0.0005P2539 OA01PBISID 10IPFVO00, 4SISSIENS QOMIE26E) - Q02033313 0.509TSITAE Q. 2425
Tobal Hazord brche HI mﬂ
Vapers kom tap waler Cansentraon in ap woler C. wol 0.1603 00814 Q05954 0.1007¢ IR} ] 75.73 0.45035 0.50458  Q¥22185 0.5913 5816 08l 10992 2H 0.08274 290118 019188 12.168 049336 0.7557 0.66242 057784
Concentralion in top walker [ maim3 - 01603 LY T 0.05%54 0.10076 Lz FST3 . QASI36 040456 0.5Z2I8S 05313 | 5414 081432 | W92 234 0.08274 0118 oavtee 12148 045335 0.7557 0.68242 (YY1
volatiizskon kacker VE dimensionhess ¥ ¥y ¥ ¥ . ¥ ¥ ¥ ¥ ¥ R ¥ ’ y y ¥y
nol, those with o™y POE concantrafion Cowe  mgimd .. B foodosst © 0 0000503 0.002041 0037845 v, 0 QO00M&10% 0 0AXEMO8 o 0 - 000HI7 00000413 14509 0.00007594 0006084 0 000037785 00000121  BODOZ3AT2
inhokalion rate IR mif
Expowuns firre 1) hid .
Eponre trequency - ] dty
Baprostare duration D ¥
bady W kg
Averoging fime carcinogen: Al d
ging fime inog ATng L]
Averogs Intake from inhalalion carcinogens [N makgd 0 ZAMETEDS 0 278243606 O000NIEDS Qoo2MI®I . ¢ O O 25467565 0 GOOOESSON 1] D A4NTOS 2BIORE06 DOSYINZH  STIMEDE 0.000IMF 0 208697605 1.BBASEOS  LBZIPSEDS
Frachmed bednct and Alskem Fapedole
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KOMEX
TABLE ES
RME RISK CALCULATIONS FOR CHILD RESIDENT [(HIGH TCE SLOPE FACTOR, WELL D)
MESSOW ELECTHIC WOAKS
Chamical of Folenia Concem
< 4
: § i
- Emosure Route F Symbol__Units X 5 £ 3 2 E X z
Yopau nnsion - Inholak POE cor Con vpind QLOGEHD) 219605 L75E-D4 SATED6 QO0EHD Q00E+0D [ %112 ] 2.506-02 2E04
FOE conceninalion Cann mg/m QLOGE+D0 - 219608 2756407 SB7E-0% D00E+0C 0.00E+00 L3ED6 2.50B05 FMED7
Inhoiation rale ® matw
Expoame B 3] hid
Expapure frequency EF diy
Exposune duralion ED ¥
Body weight Lud L
Avarsging fime corcinogens Al d
Averaging time nor in Alng d
age inkoke from CTXCINOGATE la mgig-d O 12004E0F  LSIBVEQN  ATRASEID 0 ¢ 722551608 1.30082E04 50498808
Ihalation Concer Slope Focker CSFy, kg-afmg 300E-01 2106400 400601 AD0E-02
Risk R frocticn Q006+00 1.52E-07 A52EDT 155809
Tetol genic fhk lor exposure route & ¥ackon | o
g inkaie from inholkatian nor nog b mgivgrd ¢ 1AN2E00 177205E07 4 AJF2EDV 0 0 BA2EQF  1L4IDPEEDS  6.00143E-D7
Inhalation Reference Dane ROy mafg-d B.5TEO4 S1IE04 140601 114502 286602
Hexzewed Guotise HQ mogd Q000206774 775292504 LOXSPEQE DODIANNZ2 L VOBBRE-OS
Total Homm Inches H mafkg-o .3
Ingesiion of hop woler POE concendration Ce vl a5M3 0.2837 a4aam 037034 75015 414032 5 1525 ¢ 184
POE conceninalion C. mafmd 4.5313 0.28Yr 3427 037034 7508 418002 L% 1526 DI4164
Waoler ingesiion rate [ d
Expane fraquency EF dfy
Bxposune durdtion ED ¥
Bechy weaight Loid kg
Avanaging fime carcinagens Al d
Avaroging Nme noh-cacinogens. ATny, d
A s infoke fom ings L L mafkg-d 29NNE08  1L5S526-06  |.B78256-05 20MI7E08 A)543E05  224867E-05 295342605  BASHIGE0S Q000001872
Ingesfion Concer Sope Facior CSF, kg-dimg 1.30E-0} F.00E+00 120601 S40E01 4,006-D1 720EN
Risk: R frocfion 21306 29BN 272604 LSPEOS 3 MENS 135604
Tolal corcinogenic ek 1oF expose route: R, Traction R
age intake from ingestion nor inog lo makg-d JIEMEDS  1BIBSIEDS 000021992%  2MPEE0S 0.000484450 0000264579 0000344545 0000974586 000002184
Ingasion Relerence Dose RiD, mgikg-d 400603 2.00607 S00E-04 J00ERR 1.O0E-02 J.00E-D4 J00E-02
Hezard Quotiend Ha mgfkg-ot Q004534018 C.O10954438 0047351943 Q0088276 0034455421 249419482 0.00728
Toto Hazord Index W _makgd q_m
Dwrnal contact with hop woler  POE concenirafion C. ugh 0.5313 0.1837 a42m 03736 7 A 1a8032 Lk 1525 034184
evant chralion joverd  hr
absorbed dove per event Dosvent mgfom2-even 1.7H2BVEDS 0 AMBEEO7  AFBSIZEDR  IL99VIE08 TANBIEOL  ATA2E07  DTPMED?  2BOBASEW
Evenl fmaquancy EV evenh/day
Expodure durafion ED ¥
Exposune: Magquency EF diy
$kin surfoce ova A em2
Bexcly weight L kg
Averoging ime AT dfy
Avanaging lime ADN-COrcinogens Alrg d
Absorbed dois for - ban, mafg-d SANITEDS 1} LIFIL05  L44NS6E07 113005505 0.000255079 171443605 135232805
Deteral Cancer Siopa Faclor G hgdimg 220E01 1.B0E+00 120841 SADE-DY S00E-02
Fisk R trexction 148605 2406 JIBELS P24E-08 B.EQY
Tota! Inexgenic. sk Tor exps routy R fraciion &R
A bard dicam for Por Inogens DAL mgig-d H.000752231 0 000013763 LABIBIEDE  1.56107E05 0000092585  O00CR20004 000015777
Dermal Rafarencs Dose PG mgivg-d 4 0CE-03 200602 S.00E-0d 3.00E02 1.006-02 A4 S0ED5
Hozard Quotient HQR maikg-d 0 0004P57H44  0.00336342% 0100084176 0.020000P64  3.504007297
Teohol Hadtnd Incex H mgfeg-d 5%
Vopon from kap water Conceniralion in tap waler c. ugfl 05313 02837 4278 0376 75818 4.14032 537 1528 034764
Concaniraiion in lap waler c, mgfm3 0513 0.2837 34278 03700 75814 4.)4032 539 15.25 D.234)64
Volatizolion tactor vF cimensiontess ¥ ¥ ¥ ¥ ¥ Y
nel. those with 2y POE conceniration Comn mgim3 0 COODI4IeS 00017137 0.QDD15518 a q 0.002495 Q007625 00O 2082
Inhakfion rabe IR mifhr
Exposure firne ) hd
Exposune freduency =3 dyy
Exposure duration ED ¥
Body weight L kg
Averoging fime cortinogent AT, d
A g e Py g Aln, d
Average ivkake from inholation caveindgens L mpfkg-d O THMPSEDS 945534605 10228605 1] 0 0000148853 CLOOM21151  9.43488E-0¢
fraciured Bedoek el Alvium Poge AoFd
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KOMEX

TABLE E.$

RME RISX CALCULATIONS FOR CHILD RESIDENT {HIGH TCE SLOPE FACTOR, WELL D)
NSO ELECTRIC WORKS

Chemicals of Patenlict Concem

L 3
P ; :
g § : g : 2 g 2 § 3
g £ & ] i g P i
-0 —
Contexrincn g % % g g E g % % : g $ = &
{r gl - by X ™ x = E = , ]
% 3 & 3 % ¢ & & 3§ 3§ 3§ & : § § z @
Source Madium  Exposure Madium  Exposure Point Exposure Route Parameier Symbol  Unils Poramaten = = = 2 o & i = oy o M 2 E 3 3 g <
Inhalation Concer Slope Factor C5Fmn kg-dimg 2001 5.70E-02 910802 22002 T.09€-02 4.00E0 400601
Risk. K fraction 519607 243607 682607 INEDs 0.006+00 25304 QROEHI
Totol corcinogenic risk for expatun: rovte R froction
Avarape intiké frorn nholofon non-carcincgem Iy mgikg-d 2FRINTEDS  4.97593E05 000593525 0000534444 0019479047 BI4S57EDS  4A7436E05 004173216 015997154 & ] 0 Q.001 142492 ] a9 F3TIPEDS [+]
Inhalalion Reference Dose RiDe  mgikg-d 1. 14E-03 1.40E-03 1I4E03 230601
Hazard Guoken HG rig/kg-d 1710442682 0062448304 (041003143 0069509375
Tohal Hazand hd_g HI mgikgd
Surfoce Waler Lk mcideniol ngasiion of cresk water  POE concentration C. ugh JAASEDS 000014492 GOASI0F02S O06B4B42S] G.O03415705 0.000258223 Q.000E38014 0277239592 QIAZPSEIZS3  BO729E0S 0001055151 Q0001192 0.001482685 0.000124381  7.99Q02E-05 4 276E07  Z4TIEREOF
PLOE concaniration C mg/m3 347145605 000014492 0005107025 G.14B484251 DOO3415705 0000256223 0000020014 Q277239592 0232753253 BO7Z3IFEDS 0.001055131 QO0011712 0001482685 0000124381  7.59002E05 4 276EQ7  2ATOBPEDY
Water ingeshion rote R Ifd 005
Exposure kequancy EF diy 52
Exposure duralion EC ¥ &
Body weight v kg 15
Averaging lima carcinogens AT, d 25,550
Avaraging (T rer-carcinogens ATn d 219G
Averope iniake from ingesiicn carcinogem Iy mgfkg-d 1.575866-12  5.98Q3E-12 207979E-10 4ASEQFEDF  1.DP03SE10  1.05108E-11 581785612 112849608  LIS446E08 328503512 4 2FAE-1T 4S26ME1Z  SO0A5IPE-1 S.06284E-12 32523612 1.FA052E-14 )1O0943ES
ngetion Cancer Siope Foclor CSF, kg-dfmg 2,00€-01 S.70E02 %.106-02 4B0E-02 200502 1. 30802 5.80E-01 & F0EH00 4. 50601 400501 A00E-01
Risk R frockon 315613 141613 9.54E-13 AM2E-13 325510 AGIE-14 297611 303E-11 24BE-12 &P6E-1S 4L4E L5
Total penic rak for axy oute R fraction
Average nioke rom ingesiion non-corcinogens le mgfkg-d LAIASE- 11 S9TFONE-11 24252560% B.00I0GE08 1.AZXOFEQP  1.224246-10  LSS5418E-11 1LINASTED7  1LSBOZED7  383MFE-11 SQV0FSE-10  S.28073E-1)  FIMIOGE-ID SSOSSTENT J794A5E1T 2OMSIEIT  L176E13
ingeshion Refarence Dote RID, mgfkg-d 400602 40003 1.00E01 1.006-02 1.DGE02 200802 1. 10E03 200EQ2 J00E02 1.00E-Qa 200603 L.DOE-03 5.0CE-03 1.00E-04 7.D0E-05
Hagord Quolient HGQ mgfkgrd J06414E-10 | 74425608 242525608 B.00100E-04 1.462207E07 4IZIZIED? SFSRELE 4 MASTEDS S24TIIEDé  JAIMFEQF  2.5053BEDH7F  S2QFIE0R  1LADBZIED? ITVASED? 230097507
Totol Hoxard Index H mgikg-d
Derrnal contoct with creek waler  POE concanitofion Cw up/l JBFHSEDNS  0.00014492 0005107025 0.158484251 CO0MIS705 Q000258223 CLODDIIBOIS OQ.277239592 0332753250 B.07Z9E-05 (u001055150 00061112 0001482485 0.000124387 299002605 AGEOT  ZATPAREDT
avent duralion toverd  hr = 2 = .
absorbad dose per avent Oosvenl mgiemZ-evenl 1.012876-12  299941E-12 S41B176-11 3152119609 732515610 Z297547E-12  J0BV4TE-1Z 509677808 ATOO1JEDE  1.27548E-11 1.35ME-11 0 J.66143E-11  LO4VE4E-1T | 135EPE12 O 1.49mesE13
Eveant nequency 13 aventy/day I
Expoune duration ED ¥ 4 . ‘
Epone inequancy EF dfy 52 -
Skin suiace arwo 5 cm2 6,500
- Bady waight BwW kg 15
Avsraging me AT diy 25,550
Averaging lime ’ Alng d 21%
fowd dose lor GG oAl markg-d 544227612 6MISEE-1Y SOSO3BEID  1ENIELE  SOIPIEDT  1.59G7ZEAL 1 .eS99RE-11 LAFRGEEO7 25250707 GBS2EV  72FOZIE-V 0 \967ZRE10 S.59672E-11  6.IDIEE12 0 BOSIBIE1D
Darmal Cancer Sope Fochor CiFou kg-dimg 200801 5. J0€-02 PI0E02 &80E02 240802 110602 B.00E- 6.70E+00 4. 5CE-Q1 +00E-01 400E-01
Risk 4 fraciion 1.09E-12 ®A9E-13 1.45E-12 113612 6. 05E05 7.54E-13 5.32E-11 Q.0QE+0D 252611 Q.0GE+0D) 3203
Total corch b risk for exp route R frochion
% dese lor ner inogens DaAD  merkgd S349326-11  1.BRJIBE-10  SP03AVELR 220725607 SBAMPEDS  1LBESITE-ID  1LPILESE-10  JI8TSE04 2P4S7E06  TITESLE-ID  A4NT2E-10 0 229514607 A SSIEID F907EN 0 IRENEIZ
Dammal Releence Dose RiCg malkg-d 40002 4.00E-03 LOQE-O1 1.00€-02 L.DOE-02 200502 110603 I00E02 3.00E-02 1.00€04 2.00E03 1.00EO3 500503 1.00EL4 7.00E-05
Hazard Cuatien HO mglkg-d 10582609 AJOOMEGE SH0377E-08 220725605 S8440PE-046 9I2587ELF  LFS0SPEL? 0.000112755 T HNPEDS  FITASGE0L  4.24076E07 0 4.59033E07 7 11907ED7 a
Tolal Hazand index H mgikg-d
Carcinogenic risk - all roudes (delected crgani
Carcinoganic risk - all routes jundelecied arganks)
TOTAL CA o - AL Tom W frachon
NN CORCIOGBIG K - O FOUTES [SeHecTed oIgeTics]
Non-Carcinogenic rak - of roules jundelacied arganics|
TOTAL HA TWGEX - ALL Som Al frachion
Notey:
' g = mic gt oer Ll
D updm3 v micicgeaT T CUoiC MHE
3 nfd = haLn par ga¥

o A = e T ey

e by m ROV EPET ey

by el

¥ o v oo

&= coy

LRGN T

10 mpvlg-0 = miligrams car klegrun par day

11 kg = iagoms o Oy il indlgrom

T em2  sounie conlme:

"3 MG B Coohs THE e Nout

“ds i = megromg SOr LS i

" e PR 2oyl W T GECHT ) D 0TI ST DO U
o M OIS BVETT P NIAGEGITE CE ELTHG il IO BT vl

“retando Becrook ara AR
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KOMEX

TABLE E.5

RME RISK CALCULATIONS FOR CHILD RESIDENT (HIGH TCE SLOPE FACTOR, WELL D)

MISSOURI RECTRIC WORKS

Chamicals of Poleniicl Goncem

H] 2 o ]
™}
“ S T B B -2- ; |
H - g H ' S g
£ é g 5 g z § E ' Z . .
g g g z g 5 & H 3 E i 5 3 5 8 § 3
v T T T ™ - 3 3 k3 = £ > g 3 =
3 3 3 § & 3 s % E 3
i 0§ & PO s g 8 g § !
Exposure Roule Paramater Symbol_linils g _ _ % 2 : ] i H 9 ] ) 5 _ A 2 3
halaiion Cancer Slope Faclon C3Fn kg-dfmg 400801 4,00E-01 4.00E01 4 00E-01 4.006-00 27IEG2 1.00E-01 J09EH0 A08E01 A.08E-01 1.1 46430 520602 B.I0E02 ANBEQT 7.70E02 1L.&1E+00
Reisk R raclion 0.00E+00 1.01E06 0.00E+00 111604 A4 55E-D5 S7E0S 0.006+00 0.00E+ 00 7 B4E-08 0.006+0C 1.80E04 LI9E07 TTIENS QLOE-0D 1.45€-06 301605
Total cacinogenic ik for evporure route Ry fracfion
A o Intoke fom b I mafkg-ct 0 235120605 0 JMHEDS DOO1328075 0.024399584 n a 000029712 ¢ 0.00180742% 1] 0 GO0O7EIRZY  2445BIED5 0934724351  LIBZVEDS  0.00372043 0 000024348 000021987 Q000218354
Inhoicriion Refererce Dose RiDm  mafkgd B.57E-03 +.7OE02
Hazord Guotient HG mgkg-a 2847072598 5490449122
Total Hazamd ndex Hi mgikg-d
Incidental ingmilon of cresk waler  POE concaniration Cu ugfl 299097E07  LFIQIPEQT L1 148E07 IASIIED7  7.494IED6 DDOISMERd  1L.21429E0s 11 ZFEEDS  FI3BHTELLY  5.74519EDF  DOO06342537 Q.000774SS8 0000205232 0002226 J4SPEE05 135956242 DOQ0IB2537 O.DVI57S497  4SBFNEDP | AIOPFEDS 127415606 400442604
POE concentralion e mgim3 299297607 LTFIQZTER? 1.1 16BEDF 1LABIIED7 769421606 0.000648704 1.21429606 112978604 9.12007E-0F 526519609 0005342537 0000774448 0.000205232 0002225  JA5P6E05 125956242 0000182537 Q011575497 ABBFNIEQY 141097508 127415608  400642E04
Waler ingetlion rate R Id
Expoiure requency EF diy
Exposure duration ED ¥
Bodhy wighl ] ]
Averogng fime carcincgens AT, d
A ping frme n oG Al d
Q# intake rom ingeshion cantnagens la mpikg-d LAGIFE-14  LFHISFE1S A 52502E15  FESTT2E-1S J0IZFE-13 1ABSIPE-10  ARAR7IE-14 A SFAEXE-14 D FIPPAE-16  ZI4317E-14  207485€-10 S153258-11 BI538BE-12  7.06082E-11  140821E12  SSMOGIEO8  FAJOKE-1Z  AFVITSE-ID  1FP00PE-t6  S74329E-14 5IBSITE-4 LAXTIE-I
ngeshion Concer Slope Foctor C5F, kg=dimyg 400601 400600 400601 400EQ1 400E-]] 550602 7MEM 7 MEHG 7.30E-01 730602 1L 10E+0 1. 40802 4.20E-02 130601 BAQE2 T0E0 7.B0EG2 1. 40E+00
Risk R raction 4 BTE-15 2.78E-15 181E15 J0EE-1% 1. 25E-13 B.AZE-12 261814 335613 27216 1.56E-17 2.39E-10 117E-13 5.826-12 1.83E-13 A24E-13 1456-15 405E-15 241E-13
Tolal Ogenic. rek for esp roube R froction
Avaroge intoke frem ingestion noncarcinogem la mikg-d TAZI2E-13  BI21B3E-14  S27PIPE14  BVMOIE-14 45482812 LFI2FELP 576ES5E13  S36041E-13  433092E)5  2E00I7E-1S 253TIEQR  JATBMEID R MMEIPEIN 10STIEL?  L&42PIE11  SASSIZED7 84641611 SAPT0MEDY  232177E-15  LTOOSIE-13  A05075E-11  1.90259E-12
ingaziion Reterence Dose RiD, ma/kg-d 2.00E-05 400803 40QEN2 200602 200E-02 F.00E-04 2.008-02 200602 100602 400603 2.00E-D4 B.00E-Ds
Hazard Quaient HG mgfkg-d AASTELR AN 7PEDT FITED?  ABTHNED? S2054BELA 23470608 J2ZM1FEDS 4 JU2EQF  SASTOMEDF L47S13E-10  3.02538E-0F 2378ME0F
Totol Hazord ndex Hi mgikgd
Dermal contoc) with creek walar  POE concentrafion Cw ugd 299FEQT  1.FI0QFE0F  1.011s8E07 1.B8RIED7  ZEPE2IEDE 0002648704  1.21429EDL 1 I2BPHEOS 7 I3BHFEQY  S24519E09  0.005342537 0000774468 0000205232 0002226  JASPEEQS 135956262 0.000182537 OQ.QHISTEART  ABEYNIED? 1.I09PEDE 12741564 4.00642E-04
wvant durolion lavent e
obsorbed dose per event Dosvent miem-even 1.80907E-13 791158613 551653613 | 481956-12 A7B&E17E-10  LISSIHE-ID  JIFBA4E-12  5.06557E-12  4146175E-14  2363dsE-14 397633617 1.55070E-1Q  6.52886E-11  ATFRFIE-N  |9RIESE-12  107YS2607  2A797E-12 234503610 240744614 S24028E-13  &3BO3BE-13  1.8680FE-12
Event requency BY amnts/doy
Expemsune durafion 0 ¥
Expemsione lrequency B div
Shin wurfoce oo 5A arn2 .
Body waight BW kg
Averaging ime AT dry
g e NON-CANSINOg AT d
Al dese for nogens DA, mgfkg-d 9 72014E-13 4. 250B0E-127 296403612 7624912 2004ELF  FAISFTE-ID  LFOFFRE-IN 2 72173E-10 22360613 L29GYE-13 1L 7F0S44E-10  8.I32ME-10 I 50888E-10  20303E-10  1070NIE-l| S7BPAYELT  LLB47ZSE-1] 1 2SFPREQR 183082613 2BIS4E- 12 A4ZBIFE-12 2.077256-11
Darmol Concer Sope Factor CSF gy g-dimg 4.00E01 4.00E-01 400EQ1 400681 AD0E-D) 550602 235601 2A5EH0 23E02 7.306-02 1.10E+00 1.40E02 &20E02 1.30E01 B40E02 730E-Q0 7.80602 1. 0E+00
Risk R froction 389E-13 1.70E-12 1.196-12 3.1BE-12 B J4E10 4.03€-11 401E-12 S40E-11 5. 14E-15 S27E-15 1.85E-10 491E-12 1.26E-1) 137612 1.306-12 1.34E12 24TE13 1321
Total carcinagenic rsk for expomune route R frociion .
Absorbed dove for nom-cocinogen DAL, mgfkg-d 1I3402E-11 495637611 JASBOIE-11  9.2095BE-11 237335608 B.55G44E0F LFFEI0D  JI7SISE-I0  Z.460879E-12  1481S4E-12  19VI0REDY  FTRIQEE0R  ADPIIGEDR - 234BLOE0F 1. 24046E-10  ATSAAEDS  1.80S14EAID | 4699BE-08  2.13595E-12 J.ZH4BSE.}1 A9PPSAE-)]  Z4ZMSE-ID
Darmal Referance Dosa RiD.y, mgfkg-d 2.006-05 400603 4.00E-02 3.80E-03 200602 F.00E-04 &20E03 20002 200602 4.00E-03 2.00E-04 B8.00€-04
Hazord Quotient HQ mgfkg-d 4544 TPED5 2.1 364604 2.43026E07 107667606 1. 184EQ7  1.7EISIED7 000108943 0ISTE0P FI4P9E06 ANNEED? NV IWTTELT  J029IELD?
Totol Hozzd incles H mgfkg-d
Caxci e rigk - o roules {detected crganics)
Corcinoganic rsk - ol routes {undeteched organics)
TOTAT CARCINCRSENRS RIR, - ALL ROUTEE Tam KT Jrochon T 308 §.55E0E 15608 FALEUS 213603 BIAEDS [ 1] TARS 455508 TI5E08 D00 TAREDS B0E0T IR0 OO0EHD | VABE08  JJMEA8  G60E04 DOOEr0  ZT0EDE R
TonLorcinggerac ok - o rouras [aeHcied organcs]
Non-Carcinogenic risk - of routes fundelected argonics
TOTAL NN ARG TN ENRC HATARD INDEX - AL FOUTE. Som Wl focion [’ ] T 1218152855 0 4303415057 [} [ [i] 1] [}
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TABLEES

RME RISK CALCULATIONS FOR CHILD RESIDENT (HIGH TCE SLOFE FACTOR. WELL D)
MISSOURI AECTRIC WORKS

Chemicals o1 Poterial Concem
¥
1 £
! ; ;
T g 2
S B ; § P8 i
s B g - I ] 3
t § g < : 3 il &
Epomae foule Paameler Symbol  Unily i 2 5 = Fd ] £ < ]
= L = = = = L
Inholalion Cancer Slope Facker C5Fn kg-d/mg 308601 2 10E+00 4+ .00€-07 00602
Risk. R Frociian Q.00E+00 L 13E-4 1.48E-04 THED:
Totol cocinogenic risk for axposue route R wocton %
Average intoke fom inhalofon non-carcinogen:. I mgikg-d 3 94058605 0001104407 0000119327 Q0 0001736614 QOCHTINZS  0.000110074
Inhalafion Relerance Doe RiCh ma/fkg-d B.5TED4 5.71EG4 14060 114602 206502
Hazord Quolient H& mafkgd 1288591933 0.20BY78093 0012404384 0431002163 0.003948727
Tolol oo index W mange [
Incidenial ingestion of creek waler  POE concentralion Cw -1 5. 26519609 00001186 0.0C433242 0000154858 Q0072424258 7 70W2ED6 0000841116 DO27338582  0.000325004
POE ecncentration C. mgfm3 5.26519E00 00001184 000433242 Q.000154858 Q007242425 773042606 0000841176 0029334582 0.000325004
Waher ingpes tion rate R I¥d
Exposure fnecuency EF diy
Erpasire duration & ¥
Bodly weight aw kg
Averoging fime concinogens Al d
Averoging time non-corcinogens Aln 4
age intake Fom ingesiion carcinogen: la mg/kg-d 2416 ABEZ7ESE-12  SAMOZE-Nl  AI0AMZE12  29057EEI0  Li4EAME13  AAZWIE-1] LIR4IIEGP  LIZRIE-N
Ingestion Cancer Slope Faclor 5, kg-dimg 7.30E01 0000 120601 S.40E01 4.006-01 L.20€-01
Rik R Fracilon 1.E6E-14 206E-0% 3.76E-14 1.83E-11 +.TBE-10 F.A2E-12
Total carcinaganic sk for aposue route R fraction 0%
e intake from ingesdlion Nor-carcinogens Iy mQikg-d 250037E-15  5.83215E-11  480434E-10 7.3S4E-11 3AZSDBEDP  LETIOTENZ  IFTAAE-I0  1LIFIISELE 1.5434E-10
Ingesiion Relerence Doe RiD, mgikg-d 400603 200802 S00E-Da J00E02 1.00E-02 3.006-04 100603
Hazard Quatient HS mrkg-d 140804600 340318608  L47O8EQ? 1 Z2396-10  IFFAME-DI  LGd3TAEGS 514457608
Total Hozard Indax H ma/ke-d | e LY
Dammal condae] with areek woter  FOE concentration - vl S.451PE09  0.0001184 0001433242 0000154853 Q007212425 7.T304ZE-04 0000841116 0029334502 0.000325004
evenl duathon taveni hr
abiorped dote par avanl Dasvern] mgicmi-even L498EFE-14 0 2003310 252475E-12 S279MIE11 193543611 104833E-10  1.OSSSPELDY 4 46083612
Event fraquency BV evenhday
Bpoire dualion EQ ¥
Bxpoare frequency EF diy
Skin surloce areq Sh em
Body weight W *a
Averoging lime AT diy
Averaging lime non-carcinogens ATny d
Absoyed dote lor Corginogens DA, mgflkg-d 1.34255E-13 0 1.0769ED?  LASFEZE-11 2834647610 1.03PMIE-I0  S.&2195E-10  5.7307FE0F 23948610
Dammal Concer Slope Foetor C5Four kg-d/mg 22001 1.80E00 1.20E-01 540801 4.006-02 7.206-01
Risk R rocticn JPE-14 5VIEID 125E-11 A04E-10 JA4E-10 L7311
Total carcinoganic sk for exposure route R froctien s e o%
Tsonbed dose for nek [ DALy maikg-d 1.5663E-12 O 125579608 1 S8389E-10  QA0FNEDS  1.21322607  SLSSBPMED? 5489200 1.7PZFE-IQ
Demnal Reference Dose D mpfkg-d 400603 2.00E-52 L0004 J.00E-02 1.00E-02 &.50€-05 200603
Hazord Quotient HG mgikg-d 0 S27894E07  1.16778EL7 404408608 & 5SSROAEO7 Q.00MBSFSF  9.3208VELD
Total Hopord incex H mgfkgd ke AL | %
Corcinogenic risk - all roures {detecied arganics)
Carcinogenic rak - ail roules {undeiached orgonics)
ALCA] REK, - ALL ROUTEY Tom f__ Fochon TJOEOS  GOOERIG  O00EW00  O.00E00 ZFIEDL JASEDS
NonCmemogent ik - ol FoUTe: [JRTaCTed OTOamcs
Nonlemlc risk - ol roules (unchelecled E;ninﬂ
AL MON-CARC HMDEX - &LL 4 Tan Hl . rachen ] TO0A 534037 NeB14953 0. 257702702 T G 11T508R14
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